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here’s why a Celestar 
is your best 
telescope buy 


The performance of Celestar telescopes makes 
the study of astronomy even more interesting 
and exciting. You'll be able to see: double 
stars down to the theoretical limit of resolution; 
details in the belts of Jupiter; surface markings 
on Mars; the phases of Venus; the ring system 
of Saturn; fine surface detail on the moon; 
galactic nebulae and star clusters. 


UNEXCELLED OPTICS 

A telescope is only as good as its optics, and 
the optics in the Celestars are unexcelled. They 
are made by Fecker craftsmen who are long 
experienced in the manufacture of large observa- 
tory telescopes. The hand-corrected spherical 
and aspheric surfaces are accurate to 4g wave 
length. All of the mirrors are of the highest 
quality pyrex, aluminized, and quartz over- 
coated for surface protection. The refracting 
optics are coated with magnesium fluoride to 
minimize reflection. Celestars have resolving 
powers that equal or exceed theoretical limits. 


MANY PROFESSIONAL FEATURES 

Attractively styled, the Celestars are modern, 

precision instruments with many features gen- 

erally had only on telescopes costing much more: 

e Fork-type equatorial mounting; no counter- 
weights to set. 

© Sturdy telescope tripod that will not wobble. 

e Electric drive for automatic tracking, effort- 
less viewing. 

e 30-mm. clear-aperture finder telescope. 

e Setting circles — right ascension and decli- 
nation — for ease in locating objects. 

e Durable aluminum tube; will not warp; 
maintains perfect collimation when once set. 

¢ Slow-motion controls for accurate settings. 

Rack-and-pinion focusing. 

e Easily portable. With an inverter, the electric 
drive can be operated from a car battery. 


The Celestar-4 has a Newtonian optical system of 
4 inches clear aperture. Its effective focal length 
is 35 inches. Two Ramsden eyepieces and a Bar- 
low lens provide four magnifications: 35X, 70X, 
105X, 210X. Complete price, only $19850 


The Celestar-6 features a newly developed cata- 
dioptric optical system. Its effective focal length 
is 90 inches in a tube only 35 inches long. The 
reflector supports are arranged to eliminate 
spider diffraction completely. Two Kellners 
and an orthoscopic eyepiece are furnished in a 
turret adapter, giving magnifications of 90X, 
180X, 270X. Complete price, only $5500 


A 35-mm. Praktica reflex camera with a focal- 
plane shutter and camera adapter is available 
for the Celestar-6 for an additional $89.50. 


All prices are f.o.b. Pittsburgh, Pa., and are subject to change 
without notice. Applicable state and local taxes are in addition. 





j-wv. fecker inc. 


A subsidiary of American Optical Company 


6592 HAMILTON AVENUE, PITTSBURGH 6, PA. 
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(See page 493.) 
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FROM THE S+T MAILBAG 


Q. Where is the constellation of Argo, 
the Ship? 

A. This name was formerly given to 
a large area south and east of Canis 
Major. It is now divided into four smaller 
constellations: Puppis (stern), Pyxis (mari- 
ner’s compass), Vela (sails), and Carina 
(keel). 

Q. What is the difference between 
positive and negative eyepieces? 

A. A positive eyepiece has its focal 
plane in front of the field lens; in a nega- 
tive eyepiece the focal plane lies between 
the eye lens and the field lens. A con- 
venient test is to try the eyepiece as a 
magnifying glass; a positive one can be 
so used, but a negative one cannot. 

Q. What is meant by the radio magni- 
tude of a celestial object? 

A. Apparent radio magnitude is a 
measure of the amount of radio energy 
received from a source, just as visual 
magnitude is a measure of the visible 
radiation. There is no internationally 
adopted standard; one system proposed 
for galaxies is defined to make the radio 
magnitude about equal to the photo- 
graphic magnitude for normal spirals of 
type Sb. 

Q. What is the brightest spot on the 
moon? 

A. This is generally regarded to be the 
central peak inside the crater Aristarchus. 

Q. Has anyone ever reported the dis- 
covery of a satellite of the planet Venus? 

A. Several leading astronomers of the 
17th and 18th centuries thought that they 
had observed satellites of Venus, but none 
of these “discoveries” proved to be real. 

Q. Which were the last three novae 
conspicuously visible to the unaided eye? 

A. In 1946 Nova T Corona Borealis 
brightened to magnitude 3, in 1942 Nova 
Puppis reached magnitude 0, and Nova 
Lacertae attained 2nd magnitude in 1936. 

Q. What is the color index of a star? 

A. It is a number describing the star's 
color, and is defined as photographic mag- 
nitude minus visual magnitude. Stars of 
color index —0.3 are blue; 0.0, white; 
+0.5, yellow; +1.0, orange; and +1.5, 
red. A few very red stars have color in- 
dices as great as +5. 

Q. By how much has our atmosphere 
dimmed the light of a star seen overhead? 

A. The light loss (atmospheric extinc- 
tion) amounts to about 0.25 magnitude 
at the zenith; it is 0.5 magnitude at an 
altitude of 30°, increasing rapidly toward 
the horizon. These figures are for visual 
light. 

Q. Should a person who normally 
wears glasses use them at the telescope? 

A. Yes, many experienced observers 
have advised. W.E.S. 
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Arizona Route 86, the Tucson-Ajo highway, 40 miles west from Tucson runs past a point about six miles north of Kitt 
Peak itself. There a road leads to the mountain through typical desert vegetation, past the hill from which this picture 





was taken. The Papago Indian village of Pan Tak lies at the distant right, on the valley floor at the foot of the mountain. 


The National Observatory at Kitt Peak 


ADEN B. MEINEL, Director, National Astronomical Observatory 


for a new observatory that will rank 

among the world’s foremost, on Kitt 
Peak in southern Arizona. The selection 
of this 6,875-foot mountain site, 40 miles 
southwest of Tucson, was announced by 
the National Science Foundation in March 
of this year. The decision was reached in 


RUCTION is about to begin 


Pasadena, California, on March 1-2, by 
the scientific committee of the Association 
of Universities for Research in Astronomy, 
Inc. (AURA), under the chairmanship of 
C. D. Shane. 

\t present, two major telescopes are 
planned for the new National Astronomi- 
cal Observatory. Both are to be reflectors, 


the principal one with a mirror 84 inches 
in diameter, the second with a 36-inch 
mirror. While not the world’s largest, 
these instruments will incorporate all of 
the advanced techniques of recent years. 
With this equipment, astronomers at Kitt 
Peak should be able to make effective 
observations of stars nearly as faint as 
magnitude 23. 

The observatory will have other instru- 
ments. Plans are in an advanced stage for 
a solar tower telescope larger than any 
existing. We hope eventually for a reflec- 
tor surpassing even one that the Academy 
of Sciences of the Soviet Union is design- 
ing, six meters (236 inches) in aperture. 


But at the present time we have the im- 
posing task of converting an undeveloped 
mountain into a modern astronomical 
center. 

Kitt Peak was selected from a prelimi- 
nary list of 150 sites in six southwestern 
states by a three-year process of elimina- 
tion. The mountain was originally noted 
in photographs taken from the Viking-12 
rocket. Early in 1954, Helmut Abt made 
an aerial reconnaissance of the region, 
and called attention to its suitability. 
Later H. J. Thompson and the writer 
explored it on a pack-horse trip. How- 
ever, access to Kitt Peak was very difficult, 
and the Papago Indians, in whose reserva- 


FACING PAGE: At the top are small-scale maps showing the location of Kitt Peak in the state of Arizona. The large topo- 
graphical map shows most of the land leased from the Papagos, with the proposed locations of instruments and permanent 
buildings. Present roads and trails are marked by dashed lines, while the new roads to be built are shaded. The useful 
area is about 70 acres, roughly in the shape of an inverted “T,” extending about half a mile north and south and the same 
distance east and west along the south ridge, where the 36-inch and 84-inch telescopes are to be located. Five regions 
along this ridge, marked W-1 to W-5, are sites for present and future instruments; areas E-1 and E-2 are similar sites. The 
south ridge may be seen in the front-cover picture, above the bare granite face of the mountain’s south side. The locations 
of the test towers and the Steward 36-inch reflector are given, and near the top of the chart is the summit ridge, extend- 
ing from northeast to southwest. The topographic survey is based on three control points, No. 1 on the summit ridge, 
No. 2 on the south ridge (within W-1), No. 3, near the test towers, as identified by Fairchild Aerial Surveys, Inc. 
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The eastern slopes of the mountain, seen here, are the most accessible, so both the original tractor tail, built by Pima 
County in 1956 from Alambre Valley to the summit, and the 1957 AURA truck road ascend on this side. The tractor trail, 
with a maximum grade of 78 per cent, runs diagonally upward to the left from lower center. The truck road, maximum 
grade about 18 per cent, comes in at the right and crosses the tractor trail three times as it rises slowly to the left edge of 
the picture, where it turns to the right and is lost to view in the trees. The summit ridge is conspicuous in the upper right, 
at the northern end of the inverted “T,” while the south ridge is well to the left of the 60-foot testing tower. The most 
distant mountains at the left are in Mexico, and the Gulf of California lies beyond them. Aerial photograph by Don Keller. 


gui 


This equipment, consisting of a 6-inch folded refractor and motion-picture 
camera to photograph the sun’s limb, has been operated daily for the purpose 
of evaluating daytime solar observing on Kitt Peak. The location is on the 
south ridge near that of the proposed 84-inch reflector, and in the background 
at the right is aerial-survey point No. 2, practically as high as the summit ridge. 
John C. Golson is operating the solar equipment, while the author watches. 
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tion it is located, were reluctant to allow 
use of their sacred mountain for site- 
testing observations. 

But these problems were overcome, 
thanks to the efforts of E. F. Carpenter, 
director of Steward Observatory, Alden 
Jones, R. A. Harvill, president of the 
University of Arizona, and the Pima 
County board of supervisors. The Papago 
tribe gave permission for a test site on the 
mountain, and the county provided the 
funds for construction of a tractor trail. 

During the next 18 months, 30 tons of 
equipment were hauled up this primitive 
trail. Since the wear and tear on vehicles 
and personnel were considerable, and the 
excellent results of the seeing tests pre- 
saged much future travel up the moun- 
tain, a new access road was needed. A 
truck trail, with no grades greater than 
18 per cent, was completed in the summer 
of 1957, and a Quonset hut was erected. 
Chis hut is topped by a water tank that 
may be seen in the front-cover picture of 
this issue (34 inches from the right edge). 

The test program at Kitt Peak, carried 





The mountain mass drops steeply on its western side. At the left in this view is the summit ridge, to its right the rocky side 

of the knoll for Steward Observatory’s reflector, then the testing towers. The right-hand part of the picture contains the 

broad south ridge, where the chief instruments will be located; compare this view with the front cover. In the background 

is the Alambre Valley, between Kitt Peak and Coyote Mountain, which rises toward the upper left. The neighboring 

mountains have a chaparral foliage cover, while Kitt Peak is amply forested with live oaks and Mexican pinon pines. 
Aerial photograph by Don Keller. 


The Quinlan Mountains are at the 
northern end of the Baboquivari 
range, which is seen here from the 
south rim of Kitt Peak, not long after 
sunrise in May. An oddly shaped 
knob on the horizon is Baboquivari 
Peak itself, 7,864 feet above sea level 
and sacred to the Papagos as an abode 
of their “elder brother,” Ee-toy. The 
ruggedness of this terrain is suggestive 
of lunar scenery. The valley in the 
lower left is some 4,000 feet below the 
camera. Kitt Peak has good air drain- 
age on all sides, and its great height 
above the surrounding country pre- 
vents formation of local reservoirs of 
cold air. The nighttime temperature 
range is satisfactorily small, and of the 
sites tested Kitt Peak has the lowest 
average wind velocity. 


All illustrations with this article are 

used by permission of AURA, Inc., 

and were taken by A. B. Meinel, Don 
Keller, or C. A. Federer, Jr. 
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The eastern slopes of the mountain, seen here, are the most accessible, so both the original tractor trail, built by Pima 
County in 1956 from Alambre Valley to the summit, and the 1957 AURA truck road ascend on this side. The tractor trail, 
with a maximum grade of 78 per cent, runs diagonally upward to the left from lower center. The truck road, maximum 
grade about 18 per cent, comes in at the right and crosses the tractor trail three times as it rises slowly to the left edge of 
the picture, where it turns to the right and is lost to view in the trees. The summit ridge is conspicuous in the upper right, 
at the northern end of the inverted “T,” while the south ridge is well to the left of the 60-foot testing tower. The most 
distant mountains at the left are in Mexico, and the Gulf of California lies beyond them. Aerial photograph by Don Keller. 
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This equipment, consisting of a 6-inch folded refractor and motion-picture 
camera to photograph the sun’s limb, has been operated daily for the purpose 
of evaluating daytime solar observing on Kitt Peak. The location is on the 
south ridge near that of the proposed 84-inch reflector, and in the background 
at the right is aerial-survey point No. 2, practically as high as the summit ridge. 
John C. Golson is operating the solar equipment, while the author watches. 
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tion it is located, were reluctant to allow 
use of their sacred mountain for site- 
testing observations. 

But these problems were overcome, 
thanks to the efforts of E. F. Carpenter, 
director of Steward Observatory, Alden 
Jones, R. A. Harvill, president of the 
University of Arizona, and the Pima 
County board of supervisors. The Papago 
tribe gave permission for a test site on the 
mountain, and the county provided the 
funds for construction of a tractor trail. 

During the next 18 months, 30 tons of 
equipment were hauled up this primitive 
trail. Since the wear and tear on vehicles 
and personnel were considerable, and the 
excellent results of the seeing tests pre- 
saged much future travel up the moun- 
tain, a new access road was needed. A 
truck trail, with no grades greater than 
18 per cent, was completed in the summer 
of 1957, and a Quonset hut was erected. 
Chis hut is topped by a water tank that 
may be seen in the front-cover picture of 
this issue (34 inches from the right edge). 

The test program at Kitt Peak, carried 
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The mountain mass drops steeply on its western side. At the left in this view is the summit ridge, to its right the rocky side 

of the knoll for Steward Observatory’s reflector, then the testing towers. The right-hand part of the picture contains the 

broad south ridge, where the chief instruments will be located; compare this view with the front cover. In the background 

is the Alambre Valley, between Kitt Peak and Coyote Mountain, which rises toward the upper left. The neighboring 

mountains have a chaparral foliage cover, while Kitt Peak is amply forested with live oaks and Mexican pinon pines. 
Aerial photograph by Don Keller. 


The Quinlan Mountains are at the 
northern end of the Baboquivari 
range, which is seen here from the 
south rim of Kitt Peak, not long after 
sunrise in May. An oddly shaped 
knob on the horizon is Baboquivari 
Peak itself, 7,864 feet above sea level 
and sacred to the Papagos as an abode 
of their “elder brother,” Ee-toy. The 
ruggedness of this terrain is suggestive 
of lunar scenery. The valley in the 
lower left is some 4,000 feet below the 
camera. Kitt Peak has good air drain- 
age on all sides, and its great height 
above the surrounding country pre- 
vents formation of local reservoirs of 
cold air. The nighttime temperature 
range is satisfactorily small, and of the 
sites tested Kitt Peak has the lowest 
average wind velocity. 


All illustrations with this article are 

used by permission of AURA, Inc., 

and were taken by A. B. Meinel, Don 
Keller, or C. A. Federer, Jr. 
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out mainly by Claude Knuckles, was 
staried with small telescopes that auto- 
matically made photoelectric recordings 
of Polaris. At first, the Polaris telescope 
was mounted at the top of a 60-foot 
tower, seen in the cover picture and in 
several other photographs with this ar- 
ticle. The structure consists of three con- 
ceniric but independent shells, the two 
outer ones protecting the instrument 
tower from windshake. Although it was 
hoped that the top of the tower would 
not sway more than one-fourth of a sec- 
ond of arc, this could not be achieved 
economically. Therefore, instead of the 
tall test tower, one 10 feet high was used 
(see facing page). 
Experience with the sophisticated auto- 
matic equipment under primitive condi- 
tions soon indicated that the station 
should be manned. Therefore, in March, 
1957, Mr. Knuckles began visual and 
photoelectric observations with a 6-inch 
telescope. 
re anet coat among Kin Bos, On this site will rise the building for a 36-inch reflector, first telescope to be 
Hualapai (near Kingman), and _ Slate permanently mounted on Kitt Peak. The location is on the south ridge at an 
Mountain (near Flagstaff), was made with altitude of about 6,835 feet, near the western end of a bulldozed trail marked 
16-inch reflecting telescopes at these three by dotted lines on the topographical map on page 492. The instrument will be 
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Above: Operations at Kitt Peak at present center around the 
living quarters in a Quonset hut that is well equipped, having 
even a television set. In the lower right of this scene is the 
gasoline generator for electric power. Dawn sunlight is shining 
on the 60-foot testing tower, while at the extreme right the 
summit of Kitt Peak itself is seen, about 700 yards from the hut. 


Left: At the tested sites, 
the 60-foot towers were 
used to record wind 
velocity and tempera- 
ture. The 10-foot tower, 
at the left, contains a 
telescope to monitor the 
pole star for astronomi- 
cal seeing; it secured 
good records on 150 
nights of the year. The 
remaining nights had 
high winds, the track- 
ing was inaccurate, the 
equipment was not op- 
erating, or it was cloudy. 
Kitt Peak is generally 
favored with good see- 
ing, but it has been 
somewhat poorer since 
the summer of 1957. 
Seen in this picture are, 
left to right, Dr. Edwin 
F. Carpenter, director, 
Steward Observatory; 
Dr. Frank K. Edmond- 
son, director, Goethe 
Link Observatory; Dr. 
John C. Duncan, of 
Steward Observatory 
and former director, 
Whitin Observatory; 
and Dr. Meinel. 


The author is seen on the edge of the 

pool of water at the lowest point of 

water-collection area “A.” The pho- 

tographer stood where a low dam will 

impound the water while it is being 

pumped into storage tanks through a 
filtering system. 














out mainly by Claude Knuckles, was 
staried with small telescopes that auto- 
matically made photoelectric recordings 
of Volaris. At first, the Polaris telescope 
was mounted at the top of a 60-foot 
towcr, seen in the cover picture and in 
several other photographs with this ar- 
ticle. The structure consists of three con- 
ceniric but independent shells, the two 
outer ones protecting the instrument 
tower from windshake. Although it was 
hoped that the top of the tower would 
not sway more than one-fourth of a sec- 
ond of arc, this could not be achieved 
economically. Therefore, instead of the 
tall test tower, one 10 feet high was used 
(see facing page). 

Experience with the sophisticated auto- 
matic equipment under primitive condi- 
tions soon indicated that the station 
should be manned. Therefore, in March, 
1957, Mr. Knuckles began visual and 
photoelectric observations with a 6-inch 
telescope. 

The final choice among Kitt Peak, 
Hualapai (near Kingman), and _ Slate 
Mountain (near Flagstaff), was made with 
16-inch reflecting telescopes at these three 
places. One of these instruments was lent 
by William Rhodes of Phoenix. The 
other two were constructed by the Phoe- 





nix Engineering Company especially for 
the purpose, from a design by the writer. 
They proved so convenient to operate 
that a similar pattern was adopted for 
the 36-inch reflector now being built. 
With these three instruments, standard- 
ized seeing tests were carried out at the 
three places, using a scale describing the 
visual appearance of a double star of two 
seconds of arc separation. After the site 


Papago Indians are coming in contact 
with astronomy as they watch an ob- 
servatory being built on their sacred 
mountain by the “men with the long 
eyes.” A resident of the village of 
Pan Tak here talks with the author, 
who is director of the National As- 
tronomical Observatory. The United 
States government is leasing the Kitt 
Peak summit area from the Papago 
tribal council, which has its headquar- 
ters at Sells. Permission has been given 
to build a highway across the reserva- 
tion to reach the observatory. 








On this site will rise the building for a 36-inch reflector, first telescope to be 

permanently mounted on Kitt Peak. The location is on the south ridge at an 

altitude of about 6,835 feet, near the western end of a bulldozed trail marked 

by dotted lines on the topographical map on page 492. The instrument will be 
built by Boller and Chivens, South Pasadena, California. 


A view toward the 
southwest along the 
rocky ridge of Kitt Peak 
summit itself, the cam- 
era being at the highest 
point. It is not expected 
that major observing 
instruments will be lo- 
cated here. In the mid- 
dle distance at the left 
is the knoll where the 
Steward Observatory 36- 
inch reflector will be 
erected. 



























survey was completed, the observatory’s 
two 16-inch reflectors went into use at 
Kitt Peak on a photoelectric research 
program. 

The location of the first 16-inch in- 
strument has been marked on the topo- 
graphical map on page 492, on the south 
ridge not far from the proposed location 
of the 84-inch reflector. The 16-inch is 
housed in a trailer and shelter that may 
be seen 14 inches from the right edge of 
the front-cover picture. The primary mir- 
ror has a focal ratio of 3.5, and the 
Cassegrainian combination is {/13.5. 

The mounting design, used for this and 
the 36-inch reflector, features a torque- 
tube polar axle, with the declination 
counterweight offset to the lower end of 


that tube. The declination circle is large 
and prominent, but there is no hour 
circle, for the polar axle is connected 
directly by cable with the right-ascension 
and hour-angle dials in the lower right of 
the picture on this page. 

At the extreme lower end of the main 
telescope is seen the photomultiplier cell, 
as well as filter and diaphragm slides. The 
thin-tubed eyepiece in the lowest box 
section is used for guiding, and in the 
next box section above it is a field-viewing 
eyepiece. Mounted on the mirror-cell 
flange is a wide-angle elbow finder tele- 
scope, and a similar one is located on the 
free end of the declination axle. 

In the final report of the site survey, 
the relative merits of Kitt Peak and Hual- 
apai Mountain were listed. In rainfall, 
sky transparency, and darkness of the 
night sky, the two mountain areas are 
about equal. A  water-supply problem 
exists on both. There are somewhat more 
clear nights on Hualapai, and the prob- 
lems of road access, bringing in utilities, 
and land procurement would have been 
less than for Kitt Peak. 

But the latter was rated superior on 11 
counts: good seeing, low wind velocity, 
temperature stability, microthermal sta- 
bility, upper-air trajectories, absence of 
airplane vapor trails, developable area on 
the mountaintop, southerly latitude (32° 
north), less interference from city lights 
on the horizon, the nearness of general 
support facilities, and proximity to an 
academic institution. 

Water is scarce on Kitt Peak, where the 
rainfall is about 12 to 15 inches per year, 
and where few if any springs are within 
practical pumping distance of the summit 
area. Ten people living on the mountain 
may require half a million gallons of 
water per year. One solution to the water 


Above: Observer Golson at the controls 
of one of the 16-inch telescopes being 
used with photoelectric photometers 
on Kitt Peak. After being hauled up 
the mountain upon a trailer, the in- 
strument was lowered onto its mount- 
ing by a 1,000-pound bomb hoist. In 
this view, only part of the counter- 
weight arm is seen, extending slightly 
upward and out of sight to the right. 


Steward Observatory of the University 
of Arizona has in recent years been 
searching for a new location for its 
36-inch reflector, as if has been ham- 
pered by the growth of the Tucson 
region, which now has some 100,000 
inhabitants. Arrangements have been 
made to move the Steward instrument 
to the site on Kitt Peak seen here (look- 
ing north) and marked on the map on 
page 492. The height of this knoll is 
6,800 feet. The Steward 36-inch tele- 
scope is equipped to do spectroscopic 
and photoelectric work, for which the 
observing conditions on Kitt Peak 
should prove very favorable. 
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Left: Descending the present road, one finds many striking views. A route approximately 12 miles long is necessary for a 
modern public access road, at an estimated cost of $150,000 per mile. 





Right: Where the road reaches the flat country, a stop is made to open a cattle gate, at a place marked by huge outcrop- 
pings of fractured granite. Do you see the profile of a Papago Indian who is facing westward to tribal headquarters at Sells? 


problem has been proposed by W. W. 
Baustian (who designed Lick Observa- 
tory’s 120-inch telescope). His plan is to 
collect rainfall by covering a three-acre 
natural drainage basin with a two-inch 
layer of sprayed concrete and wire mesh 
(see page 492). 

Our immediate task on the mountain is 
the development of roads and _ utilities. 
Actual construction is scheduled to begin 
early this fall. Other buildings will be 
erected adjacent to the University of 
Arizona campus in Tucson, to house opti- 
cal and instrument shops and to provide 


oe 





Despite the relative isolation of the 
mountain, the staff lives comfortably 
in the Quonset hut. Preparing break- 
fast are the author at the left, Mr. 
Golson holding the hot biscuits, and 
Floyd Roberson, a rancher recently 
turned general caretaker, who is start- 
ing the bacon and eggs on the stove. 


a base station for the resident staff and 
visiting astronomers. Convenient as the 
city is to the mountain, however, its lights 
are not detrimental, for mountains cut off 
most of them, as indicated by the front- 
cover photograph. Prominent on the dis- 
tant horizon, about 65 miles away, is lofty 
Lemmon Mountain, in the Santa Catalina 
range northeast of Tucson. The city lies 
mostly between it and the lower Tucson 
Mountains, seen dark in front of the 


Catalinas. The expected urban growth of 
Tucson is mainly toward the east, away 
from the observatory. 

The Kitt Peak site is being leased from 
the Papagos, and Congress has been asked 
for funds for a paved two-lane highway 
of five-per-cent grade up the mountain. 
This new road will join the highway from 
Tucson to make Kitt Peak easily acces- 
sible to the general public as well as to 
astronomers. 





ECLIPSE EXPEDITIONS 

The only expedition from Great Brit- 
ain to the October 12th total solar eclipse 
in the Pacific will be a group of three 
astronomers, H. von Kliiber and Mrs. von 
Kliiber, from Cambridge University, and 
A. H. Jarrett, St. Andrews University. 
They will go to Atafu Island in the 
Union group, to share a site with a team 
from Carter Observatory, New Zealand. 

Dr. von Kliiber writes: “My instru- 
ments, 14 tons, have been shipped already. 
We expect to be in Samoa the last week 
of August, and plan to take a Sunderland 
flying boat directly to Atafu, landing in 
the lagoon. We will establish a camp on 
the island itself.” 

The British astronomers will observe 
the solar corona, using an interferometer 
arrangement to measure the profiles of 
spectrum lines. Such a program was car- 
ried out at the 1954 eclipse in Sweden, 
but failed in Ceylon in 1955 because of 
bad weather. The New Zealand party 
plans polarimetric and photometric ob- 
servations of the corona, using a special 
camera designed by Dr. von Kliiber and 
used at Khartoum in 1952. 

Dr. M. Waldmeier, director of Zurich 


Observatory, will be in charge of a Swiss 
eclipse expedition to Chile. He is to ar- 
rive at Santiago about September 27th, 
and will set up small instruments at sev- 
eral stations to reduce the risk of being 
clouded out. 


WORK SUSPENDED ON 98-INCH 
ISAAC NEWTON TELESCOPE 


Lack of funds has brought a halt to 
construction of the large reflecting tele- 
scope being built at the Royal Greenwich 
Observatory, Herstmonceux Castle, Eng- 
land. About $80,000 had already been 
spent for buildings. During a discussion 
in Parliament of the decision to stop 
work, an Admiralty spokesman stated that 
the project is only suspended, with hope 
that it can eventually be started again. 
The 98-inch mirror blank, which was 
acquired from the University of Michi- 
gan, has been ground and figured. 

The Isaac Newton telescope would be 
the largest by a considerable margin of 
any in the British Commonwealth, which 
now has three 74-inch reflectors: at Pre- 
toria, South Africa, at Mount Stromlo, 
Australia, and at Toronto, Canada; Van- 
couver Island, Canada, has a 73-inch. 
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The Robert T. Longway Planetarium is located on the campus of Flint Junior College, and has the first public instal- 
lation of a Spitz Model B projector in the United States. Adjacent to the building is a reflecting pool (extreme right). 
The Great Lakes Region of the Astronomical League will hold its annual meeting here August 2-3. All photographs with 


this article are courtesy Crooks Studio. 


The Longway Planetarium in Flint, Michigan 


Maurice G. Moore, Flint Junior College 


NOTHER major planetarium joined 
A an impressively growing list on 

x June 26th, when the city of Flint, 
Michigan, formally dedicated its Robert 
[. Longway Planetarium. More than a 
thousand guests attended the ceremonies 
in which Flint Junior College was given 
this newest addition to its campus. 


The building was opened officially 


when Mr. Longway, chairman of the com- 
mittee sponsoring the project, pressed a 
button to turn on the lights illuminating 
the outer dome and its adjacent reflecting 





pool. The plan of a planetarium for this 
community of 190,000 population was 
begun four years ago by a group of busi- 
nessmen interested in the cultural growth 
of the college and the city. From the be- 
ginning, the committee believed that 
either an observatory or a planetarium 
was needed. Because of the severity of 
Michigan winters, it was decided that a 
planetarium would better serve the public. 

Ground was broken for the building on 
April 9, 1957. The general contractor for 
the project was the Erickson and Lind- 


Six layers of concrete 
were needed to obtain 
the required strength 
and permanence of the 
self-supporting outer 
dome of the Flint plane- 
tarium building. Part 
of the steel frame may 
be seen in this picture 
that was taken during 
construction. 
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strom Construction Co., and the architects 
were the Detroit firm of Smith, Hinch- 
man, and Grylls. During the early months 
of construction, curious motorists would 
stop their automobiles to watch as the 
workmen sprayed layers of concrete over 
the self-supporting steel structure. Six 
layers of concrete in all were applied, each 
being cured before the next was laid on. 
During the winter months the entire 
dome structure was wrapped in a heavy 
transparent plastic cover, to allow the 
curing process to be continued. 

Designed to harmonize with other cam- 
pus buildings, the completed structure’s 
exterior has a decorative aluminum grill, 
as seen in the accompanying photograph. 
Adjoining is a reflecting pool with a 
dozen spray jets. 

Inside the building, the planetarium 
chamber has seats for 292 spectators. Sur- 
rounding this auditorium is a promenade 
where a visitor may see two 55-foot murals 
of astronomical subjects, painted on black 
canvas. Under ultraviolet light these pic- 
tures glow, giving a striking impression of 
a view into space. On the facing wall are 
display cases containing models illustrat- 
ing many astronomical principles. 

From the promenade the visitor enters 











the planetarium chamber. The great pro- 
jection dome is constructed of thin strips 
o! perforated aluminum, attached to a 
triangularly reinforced superstructure. 

[he planetarium projector is a Spitz 
Model B, the first to go into operation in 
North America. It was designed and built 
by Spitz Laboratories, Yorklyn, Delaware. 
The 11}-foot-long instrument is similar to 
that in Montevideo, Uruguay (Sky and 
Telescope, July, 1954, page 292, and May, 
1955, page 282), and to the one soon to be 
dedicated at the Air Force Academy, Colo- 
rado Springs, Colorado. 

[he projector is supported in the mid- 
dle of the chamber by four 3/16-inch steel 
aircraft cables, from the ceiling to the in- 
strument’s east-west axis. Four other 
cables to the floor hold the 1,100-pound 
projector rock-steady in this unusual de- 
sign. As the lights dim, the cables seem 
to vanish, leaving the device apparently 
floating in mid-air. 

Among the 3,083 stars shown, the 54 of 
magnitude 2.0 and brighter are projected 
by individual lens systems; the rest are 
produced by tiny holes in the 36-inch star 
globes. The hole is only 0.0135 inch in 
diameter for a 5.8-magnitude star, the 
faintest shown. Realistic sharpness of the 
star images is achieved by using the con- 
centrated brilliance of a zirconium-arc 
lamp. 

The projector can simulate the astro- 
nomical phenomena of an entire day in as 
little as one minute, and it can run 
through a year in 12 seconds. Demonstra- 
tions can be given of solar and lunar 
eclipses, different forms of the aurora 
borealis, comets, and meteor showers. Of 





The Spitz Model B has special optical 
projectors for the brightest stars and 
the moving planets. Most of the stars 
are produced by pinhole projection 
from the globes at the ends of the 
dumbbell-shaped instrument. 
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Surrounding the planetarium chamber, which is 60 feet in diameter, is a prome- 

nade with two 55-foot murals of astronomical objects, which glow under ultra- 

violet illumination. The Great Nebula in Orion, two inches from the left, is 
over five feet high; M31 and the Ring nebula are easy to identify. 


particular value in teaching astronomy 
and navigation are special projectors for 
sky co-ordinates. 

In the design of the Flint planetarium, 
an effective and versatile sound system is 
a most important part. Spaced around 
the dome are 16 speaker systems; with 
these the lecturer can produce stereo- 
phonic sound or, by turning a switch, can 
cause the source of the sound to move cir- 
cularly around the chamber. These ar- 
rangements allow music to enhance the 
illusion. 

The planetarium began its schedule of 
public showings on June 29th with “Sum- 
mer Skies over Michigan.” For the rest of 
the summer, demonstrations will be given 
at 8 p.m. on Tuesday through Saturday, 
and at 2 p.m. on Tuesday, Saturday, 


and Sunday. Beginning in September, 
there will be at least six performances 
daily, four of them for students. Admis- 
sion is 65 cents for adults, 25 cents for 
those 18 and younger. 

A six-week course called “Family As- 
tronomy” is being presented by the Mott 
Foundation and the Flint Astronomy 
Club. It is a survey of basic astronomy for 
beginners, treating constellations, celestial 
motions, the sun, artificial satellites, and 
meteors. 

A great planetarium like that at Flint 
may be regarded as an investment in the 
scientific future of our country. Perhaps, 
through the use of this marvelous astro- 
nomical device, one boy or girl can be 
inspired to develop the curiosity of a 
Newton or the imagination of an Einstein. 





_ LETTERS 


Henry C. King’s article in the July 
issue (page 440) is mistaken in saying that 
the London Planetarium is the first in the 
British Commonwealth. There are plane- 
tariums at McMaster University, Hamil- 
ton, Ontario; at the Science Museum, 
Halifax, Nova Scotia; and there is one in 
New Zealand. All three of these were in 
operation before the London installation. 
The Canadian planetariums are referred 
to on page 207 of the June, 1957, issue of 
the Journal of the Royal Astronomical 
Society of Canada, and on page 121 of 
the June, 1958, issue. 

ROBERT B. JOHNSTON 
112 Old Forest Hill Rd. 
Toronto 10, Canada 
Sir: 

On page 441 of the July issue, the top 
picture is printed upside down. In that 
view of part of the London planetarium 
projector, the positions of the mechanical 


eyelids are clearly wrong — the plane- 

tarium stars would shine on the floor and 

in the audience’s eyes while the dome 
would be blank! 

GEORGE LOVI 

14 Eleventh St. 

Lakewood, N. J. 
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An Aerobee-Hi roars upward at Holloman Air Force Base, New Mexico, as the 

launching tower is wreathed in smoke from the rocket’s exhaust. The tower is 

tilted slightly to prevent a misfire from falling back on the launching site. 
U.S. Air Force photograph. 


BOVE the earth’s blanket of air 
A there is a vast range of radiations 
from the sun, moon, planets, stars, 
nebulae, and other celestial objects that 
do not penetrate the atmosphere to ob- 
servers on the ground. These radiations 
often hold the key to improved under- 
standing and new discoveries about the 
astronomical universe. 
Rockets that carry instruments high 
enough to reach these radiations before 
they are absorbed serve as small observa- 
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tories above the atmosphere that sample 
the intrastellar radiation. In a _ sense, 
the rocket programs represent man’s first 
step to move his observatories spaceward. 

Observations of the ultraviolet solar 
spectrum from rockets are an effort to 
unlock some of the mysteries concerning 
the sun’s radiation at wave lengths shorter 
than about 2850 angstroms. An appre- 
ciable payload has to be lifted at least 
above the ozone layer of our atmosphere, 
and preferably much higher. The instru- 
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Rocket Ultra- 


violet Solar 


Spectroscopy 


WILLIAM A. RENSE 


University of Colorado 


ments must in some way be pointed at 
the sun and equipped with radio trans- 
mitters to telemeter the data they record, 
or must have parachute mechanisms so 
the records can be examined directly 
when the rocket has returned to earth. 
Rocket research in this field got under 
way in 1946 when a successful flight was 
organized by a Naval Research Labora- 
tory group. Since that time many other 
successful attempts have been made by 
NRL, as well as by the Air Force Cam- 
bridge Research Center (AFCRC) and 


the University of Colorado. 


The solar atmosphere. The sun’s radia- 
tions pass through or originate in its ex- 
tensive atmosphere, shown schematically 
in the sketch. Many of our modern theo- 
ries about the solar atmosphere are only 
tentative, and will undoubtedly be modi- 
fied considerably as more data are 
obtained. 

The sun’s photosphere is the nearest 
thing to a true surface that we can speak 
of. It represents the first optically opaque 
region encountered in going downward 
into the sun from the outside; it may be 
of the order of 100 miles thick. The tem- 
perature of the photosphere is 6,000° 
absolute, and the density about 10” par- 
ticles per cubic centimeter. What lies be- 
neath the photosphere is known only 
through scientific inference. 

From the interior of the sun radiation 
streams out through the photosphere into 
a rarefied layer only a few hundred miles 
thick, labeled R in the diagram. This 
layer consists mostly of hydrogen and 
helium, with a little of practically all the 
other chemical elements in gaseous form. 
The temperature is known to be rela- 
tively low, about 4,700° in places. There 
is considerable absorption of light from 
the hotter photosphere by the mostly 
neutral atoms here, with the result that 
many of the characteristic dark lines of 

















visible region of the solar spectrum 
cinate in this layer. For this reason, it 
ometimes called the reversing layer. 

For a cause not yet understood, the 
xt layer, H, is hotter than the layer 
low it, being about 7,000° absolute. It 
perhaps 2,000 miles thick. If we assume 


tliat energy is in some way supplied to the 
ses in this layer to maintain the tem- 
rature, many of the hydrogen atoms 
ould be ionized, along with atoms of 
some heavier elements. The ultraviolet 
spectral lines of these ions would appear 
in either absorption or emission, depend- 
ing upon solar conditions. 

[he layer marked He, about 12,000 
miles thick, has a still higher temperature, 
20,000°, fixed approximately by the ion- 
ization of helium atoms. Here the atoms 
are stripped of even more of their elec- 
trons than in the H layer. 

The outermost part of the sun’s atmos- 
phere, labeled C, is known to have an 
extremely high temperature, of the order 
of a million degrees absolute, although it 
is very rarefied, with a density of at most 
10° particles per cubic centimeter. The 
combination of high temperature and low 
density leads to considerable ionization. 
\s many as a dozen or more electrons 
have been knocked off some atoms, and 
these highly ionized atoms emit their 
characteristic wave lengths in the ultra- 
violet and visible regions of the spectrum. 

Layers R, H, and He are often referred 
to together as the chromosphere, while 
the envelope marked C is the corona of 
the sun. They are described here as dis- 
tinct homogeneous layers, but this is an 
oversimplification. Prominences and sun- 
spots are shown in the diagram, but other 
important solar features, such as spicules 
and flares, are omitted. 





The radiations we observe by rocket 
spectroscopy have originated in the photo- 
sphere or in one or more of the solar 
atmospheric layers. They pass through 
the solar atmosphere, perhaps being part- 
ly absorbed or scattered; thence they 
travel space and penetrate the 
earth’s atmosphere, where they may again 
be partly absorbed or scattered. From our 
rocket spectrograms, we seek to infer the 
true history of this radiation. 


across 


The earth’s atmosphere. Relatively lit- 
tle of the sun’s powerful short-wave radia- 
tion penetrates to the lowest layers of the 
terrestrial atmosphere. These are the 
troposphere, T, and the stratosphere, S, 
together about 20 miles thick, and within 
which the gases are well mixed. A low 
temperature of 190° absolute occurs in 
the stratosphere, and at the top* of that 
layer the pressure is only 0.01 atmosphere. 

Though not very thick, the Oz layer is 
important because the chemical composi- 
tion of the air there changes significantly 
with increase in height. A new substance, 
triatomic oxygen or ozone, is relatively 
abundant, probably being formed by solar 
ultraviolet light acting on the oxygen in 
the atmosphere. The temperature of the 
ozone layer is higher than that of the 
stratosphere. 

Above the ozone layer, it is more diffi- 
cult to classify the various parts of the 
atmosphere. There are radical changes in 
chemical composition, very low pressures, 
considerable ionization, and, amazingly 
enough, temperatures as high as 1,000°. 
This upper atmosphere contains atomic 
oxygen, sodium atoms, atomic and molec- 
ular nitrogen, electrons, and heavy atoms. 


*Some authors define the stratosphere as extending 
upward above the D layer of the ionosphere.—ED. 
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For convenience in describing the ion- 
ization, some scientists speak of the iono- 
sphere, divided into three layers: D about 
40 miles up, E at about 75 miles, and F 
about 150 miles high (the F layer splits 
into two during the daytime). The point 
of maximum ionization is in the F layer 
about 170 miles up. These layers are not 
distinct divisions, but regions of slightly 
enhanced ionization in an atmosphere 
that has ions everywhere. 

Thus, in addition to carrying instru- 
ments above the highly absorbing lower 
layers of the atmosphere, rockets may help 
to answer such questions as: What causes 
the ionization of the air? What causes the 
changes in chemical composition with 
height? 


The rockets. The Aerobee rocket has 
played the major role in solar ultraviolet 
spectroscopy. At first, however, the V-2 
and the Viking were employed, and later 
the Deacon, Cajun, Asp, and Loki. Early 
Aerobees were small, and reached about 
70 miles, but two later types, Interme- 
diate Aerobee and Aerobee-Hi, carry 
typical payloads to heights of around 130 
miles, where their instruments can detect 
considerably more of the solar ultraviolet 
radiation. 

One of the launching towers for Aero- 
bee rockets is located at Holloman Air 
Force Base, Alamogordo, New Mexico, 
and is tipped a few degrees from the 
range safety. 
Some of the have a_ solid-fuel 
booster to assist starting. After takeoff, 
this is dropped, then the rocket’s liquid 
fuel burns out, and the missile coasts up- 
ward to the top of its trajectory. At about 


vertical for purposes of 


rockets 


40 miles, where air resistance is nearly 
negligible, the doors on the nose cone are 


(INCOMING 
LYMAN-ALPHA 


IONOSPHERE... 





(INCOMING 
FAR ULTRAVIOLET 


ELECTRONS AND /ONS 


The structures of the atmospheres of the sun (left) and earth are compared in these two University of Colorado diagrams, 
which are not to scale. Radiation coming from the sun’s photosphere and observed at the earth’s surface is scattered and 
absorbed by every layer it traverses. The aim of the spectroscopist is to infer the properties of each of the layers from its 
effects on the solar radiation. 
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Aerobee 47 has had the instrument-containing nose section attached, and has been fueled. Here it is resting on its dolly, 
ready for raising into the tower. The rocket and the I-beam to which it is secured will be tilted upward as a unit. The 


rear set of fins is attached to the booster, which will drop off shortly after firing. These pictures are courtesy U. S. Air Force. 


ted automatically and the detecting 
rument exposed. 


In most experiments an electronic “sun- 


seeker” automatically points the instru- 


ment directly at the sun. During much of 
this part of the flight, the rocket spins 


The rocket spectrograph was badly damaged by impact during the nonpara- 
chute landing of Aerobee 47. The film can ordinarily be recovered safely in 


t 


such cases, thanks to its s 
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hockproof container. 


rapidly around its longitudinal axis, 
about once each second, and wobbles like 
a top (precession) in a period of about 
two minutes. These are the important 
motions the sun-seeker must neutralize. 

The rocket moves very slowly when 
near maximum height, but gains speed 
rapidly during descent. At this time, if 
film has been exposed, it is rolled up into 
a lighttight, shockproof cassette, and the 
whole instrument is automatically tucked 
into the nose cone. At a suitable time the 
nose cone is separated from the rest of the 
rocket by an explosion, both parts then 
being slowed by the denser lower air be- 
cause they are aerodynamically unstable. 
Automatic release of a parachute provides 
for safe landing of the nose cone, with its 
instrument and sun-seeker, on the desert 
floor. To locate this jettisoned equipment 
amid the wide expanse of wasteland some- 
times means a lengthy search. 

During the entire flight, telemetering 
equipment is active, reporting on the 
rocket’s flight behavior and the perform- 
ance of the sun-seeker and detector. 
When no film is used, the observer must 
rely solely on the telemetering for his 
data. If parachute recovery is not success- 
ful, the ground search for records is often 
tedious, but although the spectrographs 
may be smashed the film may be safely re- 
covered. Sometimes even optical parts 
such as gratings are intact. 











rhe spectrograph. For photographing 
iar ultraviolet radiation from a rocket, 
a concave-grating spectrograph is com- 
monly used. Sunlight passes through a 
slit onto the grating, where it is dispersed 
and focused on the film. The slit, grating, 
and film are all on a circle (called the 
Rowland circle), which has a diameter 
equal to the radius of curvature of the 
concave grating. 

The film is automatically advanced 
after each exposure, or filmstrips may be 
placed on a drum that rotates between 
exposures, bringing each strip in succes- 
sion along the Rowland circle. Special 
Eastman film is used, either SWR or 
103-O UV-Sensitive, suitable for the far 
ultraviolet range from 3000 to 100 ang- 
stroms. 

The casing for the optical parts has 
baffles to let air escape as the rocket rises. 
Also attached to the spectrograph cham- 
ber are the “fine eyes” of the sun-seeker. 

In normal-incidence spectrographs, the 
light from the slit strikes the grating 
nearly perpendicularly, but the reflec- 
tivity of the grating drops off rapidly 
below 500 angstroms. In the grazing- 
incidence type, where light meets the 


they must be constantly pointed at the 
sun. At the University of Colorado, we 
have developed a sun-seeker to keep the 
spectrograph correctly oriented within the 
rocket. 

Sunlight is received by the error sen- 
sors, which are photosensitive germanium 
transistors. Coarse sensors are used for 
approximate pointing, then fine ones for 
accurate aligning. Their signals, propor- 
tional to the error in direction, are fed 
through mixers, phase inverters, and 
power amplifiers to activate the servo 
motivators. Liquid magnetic clutches pro- 
duce the torque, attaining pointing ac- 
curacy of about one minute of arc. 


Results of rocket flights. Before the 
time of rocket spectroscopy, the sun’s ul- 
traviolet spectrum had been observed 
only down to about 2850 angstroms. The 
earth’s lower atmosphere, especially the 
ozone layer, masked the spectrum beyond 
this point. When the first rocket pictures 
were taken at heights well above the 
ozone layer, astronomers found that down 
to about 2000 angstroms the spectrum was 
like that in the visible region — continu- 
ous radiation of the photosphere crossed 
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grating surface at a small angle, the very- 
short-wave reflectivity is higher, but the 
arrangement suffers from astigmatism and 
other aberrations. 

Another successful device for detecting 
solar ultraviolet is a photon counter, used 
by the NRL group. A high voltage is 
applied to gas in a chamber, but current 
flows only when a high-energy photon 
penetrates the gas and ionizes it momen- 
tarily. By choosing a gas with a suitably 
high ionization potential, the observer 
can be sure that no photons having less 
than a certain energy will be counted. 
Thus, he may limit his record to solar 
radiation shorter than 1350 angstroms by 
using nitric oxide (see page 446 of July). 

A new sensitive detector developed at 
\FCRC works somewhat like an ordinary 
photomultiplier tube, but the sensitive 
surface has a high work function — re- 
leasing electrons only when high-energy 
(far-ultraviolet) photons impinge on it. 


The sun-seeker. From two to five 
minutes of observing time are available 
during a rocket flight. Not only must 


high-speed spectrographs be used, but 
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by the dark Fraunhofer lines of absorp- 
tion in the solar atmosphere. 

An important new discovery in this 
region was the two emission lines in the 
center of the absorption lines of ionized 





The nose cone of an Aerobee-Hi has 
been opened to reveal the gear section 
of the pointing control. Removal of 
another panel on the other side of the 
cone gives access to the electronic com- 
ponents. The compartment at the bot- 
tom contains the battery, motor, and 
clutches for the pointing mechanism. 
U. S. Air Force photograph. 


magnesium at about 2800 angstroms, 
which show clearly in the accompanying 
spectrogram. However, the continuous 
radiation in the 3000-to-1800-angstrom 
region is less than that expected from 
the photosphere’s temperature of 6,000°. 

In the solar spectrum between 2650 and 





2700 


2800 


2900 3000 


The near-ultraviolet solar spectcum between 2700 and 3000 angstroms, from an 

exposure of 5.2 seconds at a height of about 110 kilometers above the earth’s 

surface. Note the two sharp, intense emission lines of ionized magnesium near 

2800 angstroms, appearing white in this positive reproduction. University of 
Colorado photograph. 
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The upper spectrum (negative) is of impure 
of the sun; evidently the weakening around 
Calcium vapor also coptributes to 


2500 angstroms reproduced below, com- 
pare the dark lines with the bright ones at 
the top. The latter come from the light of 
an iron arc in the laboratory; it is clear 
that many of the solar absorption lines 
in this spectral region are due to iron. 
The known wave lengths of these iron 





2500 2550 


lines allow measurement of the wave 
lengths of all the other lines. About 1,500 
new lines in the solar ultraviolet are now 
being measured by this method. 

One of the most striking features of the 
new spectrograms is the sudden drop in 
intensity in the continuum around 2000 
angstroms. This effect was unexplained 
for some time, but it is now known to be 
caused mainly by the absorption by alumi- 
num and calcium beyond their series 
limits. Only for these elements do the 
limits lie in the correct spectral region, 
and both metals are relatively abundant 
in the sun’s atmosphere. 










1100 1200 1300 


2200 2300 2400 


The truly exciting part of the new 
spectra lies below 1900 angstroms, where 
many emission lines occur, the most 
prominent being Lyman alpha of hydro- 
gen at 1216 angstroms. The emission 
lines, mostly due to ions, are believed to 
originate in the hotter regions of the 


Part of a_ laboratory 
spectrum of an iron arc 
(above) matches lines in 
the solar rocket spec- 
trum (below). Such cor- 
respondences make it 
possible to set up a scale 
of wave lengths for the 
ultraviolet spectrum of 
the sun. 


I 
2650 


chromosphere. Although the continuum 
is very faint in the accompanying spec- 
trogram, it has been observed down to 
about 1500 angstroms, and it contains 
absorption as well as emission lines. 


The Lyman-alpha line. The half width 
of the Lyman-alpha (Ly x) line is about 
one angstrom, an important finding astro- 
physically because it indicates something 
of the temperatures, pressures, and depths 
of the hydrogen layers that emit this 
radiation. and photon- 
counter intensity measurements indicate 
that Lyman alpha may vary during the 
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aluminum, photographed in the laboratory. The lower spectrum (positive) is 
2000 angstroms is partly caused by aluminum vapor in the solar atmosphere. 
this effect. On this page are University of Colorado spectrograms. 


sunspot cycle. Values from 0.1 to six ergs 
per square centimeter per second have 
been measured. This line’s intensity may 
also depend on the day-to-day aspect of 
the solar disk, varying by a factor of as 
much as two or three. 

In the three solar pictures opposite, 
the left shows the sun in Lyman-alpha 
light, photographed by a specially de- 
signed rocket camera with lithium-fluoride 
optics. The center and right views, taken 
at McMath-Hulbert Observatory on the 
same day as the rocket picture, show the 
sun in ionized calcium light at 3934 ang- 
stroms (the K line) and Balmer hydrogen- 
alpha at 6563 angstroms, respectively. It 
will be seen that enhanced Lyman-alpha 
radiation occurs in those areas that con- 
tain hydrogen-alpha and ionized-calcium 
plages. 

If we take as an average value three 
ergs per square centimeter per second for 
the intensity of Lyman-alpha radiation, 
a simple calculation shows that this is 
about two-millionths of the total solar 
energy output in the visible region. Small 
as this is, however, solar Lyman alpha 
may play an important role in some phe- 
nomena of the earth’s upper atmosphere, 
such as the formation of ionization layers, 
because such short-wave energy has strong 
ionizing powers. 

Since Lyman-alpha light is not readily 
absorbed by nitrogen and only slightly 
by oxygen, it can penetrate to as low as 
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1900 


1800 


1700 


The solar spectrum between 1100 and 1900 angstroms, photographed from an Aerobee-Hi rocket on August 6, 1957, at an 
altitude of about 150 kilometers. This 89-second exposure shows many identified emission lines, due to hydrogen, helium, 
carbon, oxygen, silicon, and iron. (In a June, 1958, rocket flight, the spectrum was photographed to wave lengths as short 


as 100 angstroms.) 


506 Sky anp TELEsScopE, August, 1958 














Three views of the sun, in far-ultraviolet, violet, and red light, in which the same active regions of the solar surface can 
be recognized. At the left is a rocket-camera photograph in Lyman-alpha light at 1216 angstroms. The others are McMath- 
Hulbert Observatory spectroheliograms in ionized-calcium light at 3934 angstroms (center), and in hydrogen-alpha radia- 
tion at 6563 angstroms (right). 


50 miles above the earth’s surface. Most 
of its effect is probably in the D layer. 
\ccording to one theory, this region re- 
sults from the action of Lyman alpha on 
nitric oxide, believed to be present in 
the atmosphere at that height. Since D- 
layer disturbances lead to difficulties in 
radio communications, this problem is 
Important. 


—_. 


Radiation shorter than 1000 angstroms. 
Spectrograms have been taken that show 
lines even a little 1000 
angstroms. There is a gap in the data 
from this point down to the soft X-ray 
region. This does not mean that no solar 
radiation is there, but that rockets have 
not yet been able to carry suitable instru- 
ments high enough to be clear of the 
heavy absorption effects of molecular ni- 
trogen. Moreover, spectrographs become 


emission below 


much less sensitive in this range, requir- 
ing longer exposures and a reduction in 
the background of scattered light. Photon 
counters cannot be used because no win- 
dow materials transparent at these wave 
lengths are known. 

\strophysicists predict interesting pos- 
For example, 
intense lines 


sibilities for this region. 
there may be some very 
originating in the solar corona. It is ex- 
pected that strong lines of neutral and 
ionized helium will be present, and the 
Lyman continuum stretching below 912 
angstroms may be detectable.* 

It was with some surprise that rocket 
spectroscopists, by means of special photon 
counters, measured appreciable amounts 


of solar X-rays between one and 100 ang- 


* Added in proof: The University of Colo- 
rado group on June 4, 1958, successfully flew 
in an Aerobee-Hi rocket a specially designed 
grazing-incidence spectrograph that has 
closed the gap between 1000 and 100 ang- 
stroms. In particular a strong He II line at 
303.8 angstroms was photographed. This is 
the resonance line in the spectrum of ionized 
helium that corresponds to hydrogen Lyman 
Ipha. The He I resonance line at 584 ang- 
stroms is very weak compared to He II at 
03.8. 


stroms. Most of this occurs between 40 
and 100 angstroms, is fairly constant, and 
is observed on all occasions. But the emis- 
sion at shorter wave lengths is more vari- 
able in character; for example, at very 
short wave lengths it is much stronger 
at the time of solar flares. 

A large part of the sun’s X-ray emission 
corresponds to that of a gray body at 
500,000° absolute, but the X-ray flux at 
very short wave lengths may at times indi- 
cate as high as 4,000,000°. These results 
are not completely explained, although 
the corona, with its high temperatures 


and highly ionized atoms, may be a 
source. Cosmic rays are known to be 
emitted by the sun, and X-rays are likely 
to be associated with them. Some of the 
X-rays can penetrate far into the terres- 


trial atmosphere — even down to the D 
layer — and contribute to atmospheric 
ionization. 


These results, and those described by 
Otto Struve (page 445, July issue), hint 
at the exciting future possibilities in 
rocket spectroscopy, and the interesting 
information that the rocket solar ultra- 
violet program can yield. 





OBSERVING THE SATELLITES 


LONG-RANGE VISIBILITY FORECASTS 


OR weeks at a time, an artificial satel- 

lite may remain observable only from a 
particular zone of geographical latitude. 
There is a need for an approximate 
method of preparing world-wide long- 
range forecasts of the visibility zones for 
satellites. The possibility of a sighting de- 
pends on whether the relative positions of 
the satellite and the sun place the illumi- 
nated 
observer whose sky is dark enough. Be- 
cause the relative positions of the satellite 
orbit, sun, and earth change rather slowly, 
almost the same geometrical situation pre- 


moonlet above the horizon of an 


vails during successive crossings. ‘Thus 
latitude alter 
gradually, so we may speak of a visibility 
zone bounded by parallels of latitude. 
Visibility forecasts should be distin- 
guished from the predictions made to aid 
the search for an object at some later 
crossing. Such search predictions, which 
normally are accurate to a few minutes of 
time and to a few degrees of arc, are 
issued by the Smithsonian Astrophysical 
Observatory from optical observations, 
and by the Naval Research Laboratory 
from radio data. These relatively accurate 
and detailed ephemerides are given for 
only a short period in advance — in the 


the conditions at any one 
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case of 195831 and 82, 
This is because the desired accuracy can 
be maintained only by frequent correc- 
tions to the orbital elements, which are 
liable to small erratic changes from vari- 
able air drag. This difficulty, which is 
greatest for low satellites, was described 
by L. G. Jacchia on page 278 of April. 

But if we do not ask for the exact time 
of a future crossing, or for the precise 
position of a satellite, the problem of 
long-range forecasting is much simplified. 
Merely to extend a search ephemeris into 
the future would involve much wasted 
effort; instead, it is advantageous not to 
compute the position of the satellite in 
the orbit, but to regard the orbit itself as 
an observational entity. Taking geometry 
into account, we can then determine the 
range in latitude within which the orbital 
ellipse is suitably presented for observa- 
tion on some particular future date. The 
writer knows of no systematic long-range 
forecasts on a world-wide basis having 
been undertaken previously. 

The chart on the next page is an exam- 
ple of such long-range predictions of eve- 
ning and morning periods of visibility. 
It has been prepared for 195861, the 
rocket carrier of Sputnik III. The vertical 
scale shows the northern and southern 
latitude limits of the zone of detectability, 


two weeks at most. 
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and allows the observer to find whether 
the satellite will be visible from his lati- 
tude on a particular date; the diagrams 
do not indicate whether his longitude is 
appropriate for a sighting. 

Even at perigee, 195881 can be seen 
from places some 600 miles from the sub- 
satellite point. Since in mid-latitudes suc- 
cessive crossings are separated by about 
1,200 miles, it is therefore likely that any 
observer, regardless of his longitude, will 
be able to see the object at least every two 
or three days during a visibility period. 

In preparing these charts, it was 
assumed the satellite could be seen if it 
crossed at least six degrees above the hori- 
zon at a time when the sun was six degrees 
or more below it. Refraction by the at- 
mosphere was allowed for in computing 
where the satellite would emerge from the 
shadow of the earth; the satellite at 
emergence was supposed visible at the 
moment it received illumination from the 
upper edge of the sun. These are ex- 
treme conditions for naked-eye visibility, 
based on experience at our Cambridge 
research station. 

The computations used orbital ele- 
ments provided by the Smithsonian on 
June 26th, with corrections from our ob- 
servations. Approximate allowance was 
made for the shift of the node and peri- 
gee; from this shift the uncertainties of 
the diagrams may grow to two or three 
days by mid-September. Part of the calcu- 
lations were performed with a small ana- 
logue computer, constructed by H. Amory, 
Mr. and Mrs. W. R. Battersby, and others 
at the research station. The calculations 
utilized tables prepared by my wife. 

During a typical visibility period, the 
conditions under which the satellite may 
be viewed will change progressively. ‘This 
can be illustrated by experiences during 
the mid-June crossings of Sputnik III. 


Early in that interval, observers near lati- 
tude 40° north were able on favorable 
mornings to see either $1 or $2 or both, 
but the sightings were difficult because 
sunrise was close. Traveling in slightly 
different orbits from southwest to north- 
east, both objects passed into the bright 
sky as they neared the rising sun. 

But a few days later, the orbit planes 
had shifted sufficiently westward so the 
crossings were earlier, and both moonlets 
were readily followed by the unaided eye 
over a long arc across a dark sky. During 
the final days of the visibility period, the 
continuing westward displacement of the 
orbit planes led to progessively earlier 
times for emergence from the earth’s 
shadow, the emergence point meanwhile 
moving northward. Finally, only the most 
northern part of the satellites’ paths were 
illuminated by the sun from far below 
the horizon. 

These changes illustrate the general 
ruie that the middle portion of any visi- 
bility interval will be the most favorable, 
since then the satellite will cross the me- 
ridian at a greater angular altitude and 
against a reasonably dark sky. 


Tue First Space TRAVELER 

HE DOG in Sputnik II “endured 

well” the rigors of launching and 
travel in orbit, according to a recent Soviet 
statement giving the first release of scien- 
tific information gained from observations 
of both Sputniks I and II. This prelimi- 
nary report dealt with the Sputniks’ 
orbits, the atmospheric density, iono- 
spheric exploration, and cosmic rays, as 
well as biological studies of Laika, the dog 
encased in Sputnik II. 

Some information about the animal’s 
reactions was given: “The behavior and 
condition of the animal during Sputnik’s 
ascent to the orbit were registered quite 
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The author's visibility prediction chart for the Sputnik III rocket case. 
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fully. Telemetric data transmitted from 
the satellite indicated that during the 
ascent heart contractions approximately 
trebled, as compared with their initial fre- 
quency, but returned to normal when the 
satellite went into orbit.” 

The dog withstood its temporary in- 
crease in weight as the rocket accelerated, 
and its subsequent weightlessness in orbit 
did not cause any essential or long-con- 
tinued change in the dog’s physiological 
functions. According to the Soviet ac- 
count, of the many problems that must be 
solved before manned spaceflight becomes 
a reality, several of the most serious seem 
to have been lessened by the dog who 
lived for many days aboard Sputnik II. 

SHORTER NOTES 

plete gee III was probably last ob- 

served on June 28th at 2:31:24 Uni- 
versal time, by the MOONWATCH team 
at Memphis, Tennessee, of magnitude +8 
and at an altitude of 28 degrees, due 
south of the station. Thirty-two revolu- 
tions earlier, Wichita, Kansas, probably 
saw the same object, magnitude +7. 

From these two observations a period 
of 89.6 minutes was calculated for June 
27.1. According to Smithsonian astron- 
omer Charles Whitney, the critical period 
of 87.75 minutes would have been reached 
within about a day after the Memphis 
sighting, and 1958y would then have 
failed to rise from its perigee height, thus 
ending its career. 

Only an extremely fortunate combina- 
tion of sightings will make possible the 
recapture of the lost satellite 195881 
(Vanguard I’s carrier rocket). This is the 
conclusion reached at the Smithsonian 
Observatory by Robert Briggs, who 
pointed out that several reliable, well- 
distributed observations within a span of 
a few days will be needed to allow com- 
putation of a preliminary orbit. Because 
of 1's faintness (magnitude roughly 7 or 
8), only a few sightings were secured soon 
after launching, some of them erroneous; 
no observations later than the end of 
April have been reported to June 30th. 

An unusual satellite observation was 
made by Lyle T. Johnson of Welcome, 
Maryland, who saw Vanguard I visually 
on April 14th as an object of the 13th or 
14th magnitude. He used a 10-inch reflec- 
tor with a low-power eyepiece giving a 
1.9-degree field. Location, direction of 
motion, and time agreed closely with pre- 
dictions by the Naval Research Labora- 
tory. This difficult sighting was of a 6.4- 
inch sphere when it was 2,385 miles from 
the observer! 

Techniques and devices for predicting 
the apparent position of a satellite have 
been developed by many observers. It is 
expected that this topic will be discussed 
in a later issue; readers are invited to 
send the writer their procedures. 

MARSHALL MELIN 

Research Station for Satellite Observation 
Harvard Observatory 

Cambridge 38, Mass. 
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ASTRONOMICAL SCRA PBOOK 


THE GREAT PARIS TELESCOPE 


FJERHAPS you were a visitor at this 
& year’s Brussels Fair and saw the dis- 
play of Maksutov telescopes and other 

tronomical optics in the Soviet pavilion. 
It seems that no international exhibition 
is quite complete without astronomical 
instruments of novel design or unprece- 
dented size. The tradition is an old one; 
it goes back at least as far as the 1893 
Columbian Exhibition in Chicago, where 
wondering crowds gazed at the huge 40- 
inch refractor soon to be erected at Yerkes 
Observatory. 

As fairs go, the Paris Universal Ex- 
hibition of 1900 must have been one of 
the most striking ever held, even without 
the benefit of modern high-pressure pub- 
licity. Some 51 million persons visited the 
immense fairgrounds that stretched along 
both sides of the river Seine, and on one 
gala evening 22,000 mayors of French 
municipalities sat down to dinner as the 
euests of President Emile Loubet. 

Since France at that time was a lead- 
ing nation in the manufacture of pre- 
cision optics, it was fitting that one of the 
French buildings at the exhibition should 
be a Palais de l’Optique, and it was nat- 
ural that this should contain the largest 
telescope in the world. 

That instrument was the project of a 
syndicate headed by Francois Deloncle. 
\t first, a reflector of 120 inches aperture 
was considered, but facilities could not 
be found for casting a glass mirror blank 
of such unprecedented size. Finally, a 
19.2-inch refractor of 187 feet focal length 
was decided upon. A telescope of this 
enormous length could not be mounted 
in the ordinary manner inside a dome. 
Instead, a fixed horizontal tube was used, 
into which starlight was reflected by a 
siderostat mirror 79 inches in diameter. 

The firm of Mantois cast the 50-inch 
blanks for two objectives, visual and 
photographic, and after many unsuccess- 
ful trials the Jeumont glassworks pro- 
vided a satisfactory disk for the siderostat 
mirror. The figuring and polishing of the 
optical components were carried out by P. 
Gautier, the leading French maker of 





large telescopes, who also was responsible 
for the mounting. 

To permit focusing, the eyepiece as- 
sembly was a four-wheeled carriage on 
rails. With the lowest power, 500x, the 
field of view was only three minutes of 
arc, but celestial objects could be easily 
located, thanks to the accuracy of the 
mounting and its adjustments. The ob- 
server was connected by telephone with 
an assistant at the siderostat who could 
read the setting circles and operate the 
controls. A brief conversation — “more 
right ascension,” “easy does it,” and 
“back up” — would suffice to get the de- 
sired object centered in the eyepiece field. 
The weight-driven clockwork of the 
siderostat functioned so well that a star 
would stay in view with 500x for 45 
minutes without the need for using the 
slow motions. 

The throngs of visitors who lined up 
for a look through this great instrument 
were turned away at midnight, when E. 
Antoniadi of Juvisy Observatory would 
take his place at the eyepiece for observa- 
tions of nebulae. 

Antoniadi’s drawings of the Ring nebu- 























For focusing, the telescope’s eyepiece 
end could be shifted five feet on rails. 


la in Lyra, NGC 7009 in Aquarius, and a 
few other planetaries seem to represent 
the only attempt to make any scientific 
use of the 49.2-inch refractor. As repro- 
duced in the Bulletin of the Societe Astro- 
nomique de France for 1900, they are 
rather disappointing, and probably do 
not show much (except for faint field 


The 49.2-inch Paris re- 
fractor, seen from near 
the tailpiece. The latter 
carried a_ holder for 
photographic plates 30 
inches square. ‘The three 
pictures on this page are 
from the British journal 
“Nature” in 1900. 





The Paris siderostat mirror was 64 
feet in diameter and one foot thick. 


stars) that could not be detected visually 
with much smaller apertures. 

The meagerness of these results was 
partly due to the very unfavorable loca- 
tion of the telescope, amidst the search- 
lights of the fairgrounds and the smoke of 
a great city. In addition, the quality of 
the seeing must have been seriously im- 
paired by the use of a steel tube without 
any provision for adequately ventilating 
its interior. 

When the Paris exhibition of 1900 
closed, the heavy financial investment in 
the telescope had been only partially met 
by the admissions collected. Deloncle’s 
syndicate tried unsuccessfully to sell the 
French government the instrument, and 
it was finally broken up, the optical parts 
being stored at the Paris Observatory. 

In addition to the dubious merit of 
having shown that the telescope of the 
future would be of a different type, the 
Paris giant enjoyed for about a year a 
clear title as the largest refractor in the 
world. Perhaps it should also be called 
the largest telescope of that day, as Lord 
Rosse’s historic 72-inch reflector had been 
inactive since 1878, and the Mount Wil- 
son 60-inch reflector was not to be com- 
pleted until 1908. 

JOSEPH ASHBROOK 





NSF RESEARCH GRANTS 

Research proposals to be considered at 
the September 19-20 meeting of the advi- 
sory panel for astronomy of the National 
Science Foundation should be submitted 
before September 8th. While the founda- 
tion can accept suitable proposals at any 
time, those of an unusual nature should 
be presented for review by the panel. In- 
quiries should be addressed to the Pro- 
gram Director for Astronomy, National 
Science Foundation, Washington 25, D.C. 
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Eight galaxies in Pavo, photographed with Radcliffe Observator 
emulsion was used without a filter for this one-hour exposure; the s 


” . 
. 
. 
° . 
s . 55 
‘ 
* 
3 


74-inch reflector on September 2, 1954. Eastman 103a-O 
ale reproduced here is 4.8 seconds of arc per millimeter. 


All of these objects are faint, most of them probably barred spirals or elliptical galaxies. 


Among Southern Galaxies—VII 


OTH PICTURES this month show 


galaxies in the far southern constel 


lation of Pavo. A grouping of eight 
t 


faint exterior systems may be seen at the 
top of this page. NGC 6872, the large one 
upper right, is at right ascension 

70° 57’ (1950 
late-type barred 


at the 
20" 11".7, declination 
co-ordinates). It is a 
spiral, SBc or SBd. Noteworthy is its very 
long, faint brush which extends from the 
upper (northern) arm to the left (cast). 

Che bright elliptical system just below 
the center of the picture is NGC 6876, 
and immediately to its left is a fainter 
elliptical, NGC 6877. Another two inches 
east is NGC 6880, and near it is fainte1 
NGC 4981, both possibly barred spirals. 
Just above NGC 6872 is a faint elliptical, 
IC 4970 
6872 and 6876 lies a small uncatalogued 


Almost midway between NGC 


moO 


galaxy, and an edgewise system, IC 4972 
is about an inch from the bottom and 


three inches from the right edge of the 
field. 

On the facing page is a magnificent 
triple system, its brightest member being 
NGC 6769, at 19° 13™.9, 60° 35’. This 
galaxy is of photographic magnitude 11.9, 
and G. de Vaucouleurs has classified it in 
his new scheme as a peculiar object of 
type SAB(r)ab. It is interacting with an- 
other peculiar galaxy, NGC 6770, type 
SB(rs)b. The latter is strongly distorted, 
and is linked to NGC 6769 by an anoma- 
lous arm. 

The third member of the group is NGC 
6771, an SAO spiral seen almost edgewise. 
Its conspicuous dark lanes are not evident 
in the low-resolution photograph with 
the Mount Stromlo 30-inch reflector re- 
produced on page 584 of the October, 
1957, issue. 

The distances and red-shift velocities 
of these three objects are unknown, but 
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if they belong to the great Pavo-Indus 
cloud of galaxies, they are perhaps 40 or 
50 million light-years distant. 


FACING PICTURE: Three galaxies 
forming a compact system in Pavo. 
This is a one-hour exposure without a 
filter on an Eastman 103a-O plate, 
September 21, 1954, with Radcliffe 
Observatory’s 74-inch reflector at Pre- 
toria. The strong distortion of NGC 
6770, at the left of NGC 6769, clearly 
indicates the interaction between 
them. The third object is NGC 6771. 
The scale is 1.8 seconds of arc per 
millimeter. North is at the top. 


These two pictures are more in the 

series begun in February, 1958, from 

the Cape Photographic Atlas of South- 

ern Galaxies, printed by permission of 

R. H. Stoy, director of the Royal Cape 

Observatory, Cape of Good Hope, 
South Africa. 
























A Problem in Celestial Motions 


Orro Struve, Leuschner Observatory 


HE STORY of Lagrange’s straight- 
jo points is a rather striking ex- 

ample of how an idea born nearly 
200 years ago in a study of planetary 
perturbations can find fresh applications 
in the age of modern stellar astronomy 
and artificial satellites. Let us approach 
the subject by some simple cases of ce- 
lestial motions. 

It was at the dinner of the American 
Astronomical Society in Berkeley, Cali- 
fornia, in August of 1956, that I offered 
a valuable old book by P. Gassendi as a 
prize to the first person who could an- 
swer this question: A meteorite is at rest 
with respect to the earth, at a distance of 
239,000 miles; how long would it take 
to fall to earth (neglecting our planet's 
finite size)? The dinner guests were given 
five minutes to find the answer. 

The solution follows rather directly 
from Kepler's third law of planetary mo- 
tion, and the society’s president then, D. 
H. Menzel of Harvard Observatory, took 
only about one minute to win the prize. 

There is a hint in the wording of the 
question, for 239,000 miles is the average 
distance of the moon, and the period of 


, University of California 


our satellite in its roughly circular orbit 
is 27.3 days. Kepler’s third law states that 
the square of the period is proportional 
to the cube of the orbit’s semimajor axis. 
Thus, for the moon we have 
27.3° = c x 239,000', 

where c is a constant whose numerical 
value does not concern us in this example. 

The straight-line orbit of the meteorite 
is an extreme case — a degenerate ellipse 
with the earth’s center at one end of the 
orbit. Therefore, the semimajor axis of 
the meteorite’s orbit is just half that of 
the moon’s, and for the meteorite 

P? =c xX 119,500’. 
Dividing the second formula by the first 
gives 
P?/27.3* = #°, 

and the period, P, of the meteorite is 
nearly 10 days. The duration of the fall 
is, of course, one half of this, or about 
five days. 

This result tells us that if we were to 
fire a rocket vertically into space, with 
just enough initial speed for it to reach 
the moon’s orbit before turning back 
(neglecting any attraction by the moon), 
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This diagram depicts the problem of 
satellite that is to remain constantly on 


finding the location of an artificial 
the line between the earth and the 


moon. Arrows show the motion in one second of the satellite and of the earth, 
E, and the moon, M. The derivation of the acceleration of the satellite toward 
the center of gravity, C, of the earth-moon system is shown by the formulae. 
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119,500 
MILES 












MOON'S ORBIT. 


The straight-line orbit followed by a 
meteorite falling to the earth from the 
moon’s distance is illustrated here. 


it would take about five days to go that 
far. A distance of 100,000 miles from the 
center of the earth would require a flight 
time of 1.3 days, while 478,000 miles 
(twice the moon’s distance) would need 
about 13.7 days. 

In more accurate calculations, in which 
the radius of the earth is allowed for, 
these times would be slightly smaller. 

Let us now consider the problem of 
launching an artificial satellite in the 
plane of the earth’s orbit in such a way 
that it would remain apparently station- 
ary against the background of stars for 
a long time, seemingly anchored in the 
sky. It would have to be raised to the 
proper height and given the proper east- 
ward velocity to travel around the earth 
once in 24 hours. 

Again we can make use of the moon’s 
motion and Kepler’s third law: 

1?/27.3° = D*/239,000°, 

where D is the distance of the artificial 
satellite from the center of the earth; it 
turns out to be 26,400 miles. The vertical 
flight time to attain this height would be 
about eight hours, and the satellite would 
then have to be given a horizontal ve- 
locity of roughly 7,000 miles per hour to 
stay in a circular orbit. 

A related problem is that of placing a 
satellite on the straight line joining the 
centers of the earth and the moon. Is 
there some location along this line such 
that the satellite would always remain in 
front of the moon, eclipsing the central 
portion of the lunar disk? (We shall as- 
sume the moon’s motion to be uniform.) 

An elementary solution to this problem 
was recently given by M. Minnaert of 











t recht, Holland, in the Dutch popular 

ronomical magazine Hemel en Damp- 
i. ng. We shall use the following symbols 
d the diagram on the facing page, 
ich is self-explanatory: 


earth-moon distance, 239,000 miles 

i, earth’s mass, 6 x 10% grams 

\f, moon’s mass, 7 10” grams 

S, satellite’s mass 

G, gravitational constant, 6.7 «x 10° 

(centimeter-gram-second units) 

v, satellite’s orbital velocity. 

The center of gravity of the earth-moon 
system is located at a distance e from the 
earth and m from the moon, the sum of 
these distances being equal to a. Because 
the mass ratio E/M of the earth and 
moon is 80, e is 0.012a and m is 0.988a. 
(The center of gravity actually lies inside 
the body of the earth.) We shall make the 
assumption that the orbits of the earth, 
moon, and satellite around the center of 
gravity are all circular. 


stating the satellite’s equilibrium condi- 
tion: 
GES/(e +s)? — GMS/(m — s)’ 
— GsS(E + M)/a’ = 0, 

in which the factors G and § may be can- 
celed, to give 
E/(e +s)’ —M/(m—s)* —s(E+ M)/a’=0. 

This equation may be further simpli- 
fied if we express all distances in units of 
the earth-moon distance, so that a= 1, 
e=M/(E+M), and m=E/(E+™M). 
Dividing the equation by E+ M and 
substituting gives 

m/(e +s)? —e/(m—s)/—s=0. 

Since m and e are already known to be 
0.988 and 0.012, respectively, the equa- 
tion can easily be solved, for example by 
trial and error, to give s = 0.838. This is 
the distance, in terms of a, of the satellite 
from the center of gravity. Its distance 
from the earth is e + s, or 0.850, and from 
the moon it is m — s, or 0.150. 

In this way we have found that a satel- 
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In order that the satellite at S be in 
equilibrium between E and M, the sum 
of the forces acting on S must be zero. 
There are three such forces: 

1. The earth’s gravitational attraction 
on S, which is GES/(e + 5)’. 

2. The moon’s gravitational attraction 
on S, or —GMS/(m — s)*. The minus sign 
indicates a force directed away from the 
earth. 

3. The centrifugal force, f, due to the 
orbital motion of S around C, which can 
be calculated in several steps: 

First, evaluate the distance d by which 
S falls toward C in one second, as shown 
in the diagram. The corresponding ac- 
celeration is twice the distance of fall, or 
v’/s. The force equals mass times accelera- 
tion (Newton’s second law of motion): 

f = —Sv*/s. 

Second, impose the condition that the 
satellite always remain on the straight 
line EM, making its period, P, equal to 
that of the moon. Kepler’s third law, with 
the constant factor given explicitly, be- 
comes 

P = 27a" [G(E + M)}?. 

Third, eliminate the velocity v from the 
expression for centrifugal force, using the 
fact that the circumference of the satel- 
lite’s orbit is 2x5, and v = 2z5/P. Substi- 
tuting the value for P given above, we 
have 

v = s[G(E + M)]'/a". 
Consequently, the centrifugal force acting 
on S is found by substituting this value 
for v in the —Sv*/s formula, so 

f = — GsS(E + M)/a’. 

Now we can set the sum of the three 
forces, 1, 2, and 3, equal to zero, thus 


lite which is to remain in front of the 
moon must be 36,000 miles from it, and 
203,000 miles from the earth. We can 
also verify that there is no other location 
between the earth and the moon that will 
satisfy the last equation. 

There are, however, two additional lo- 
cations, one 36,000 miles beyond the 
moon, the other about 236,000 miles from 
the earth on the side opposite the moon, 
at which a satellite could theoretically 
remain forever on the same straight line. 








LE PROBLEME DES TROIS CORPS. 





Juvat integros accedere Funtes. 
Luca. 








CHAPITRE PREMIER. 


Formules générales pour la folution du Probléme 
des trois Corps. 


I, 


orENT A, B,C les maffes des trois corps 
yui s‘attirent mutucllement en raifon directe 
les maffes, & en raifon inverfe du quarré 
Remeeeics diltances ; foient nommées de plus 
*,7,= les coordonnées rectangles de l’orbite du corps B 





Lagrange’s “Essay on the Problem of 
Three Bodies,” in which he announced 
the discovery of his equilibrium points. 
This memoir won the prize of the 
Paris Academy of Sciences in 1772. 





The Lagrangian points are named 
after Louis Lagrange (1736-1813), the 
greatest French mathematician of his 
time. He made important contribu- 
tions to celestial mechanics. 


These three positions, L:, L:, and Ls, 
have been known to astronomers since 
1772, and are referred to as Lagrange’s 
straight-line solutions of the restricted 
three-body problem. They play an im- 
portant role in many astronomical ques- 
tions. 

For example, in the earth-sun system 
the L: point is about one million miles 
from the earth in the antisolar direction. 
The Swedish astronomer H. Gylden sug- 
gested many years ago that the gegen- 
schein — the very faint diffuse glow in 
the sky directly opposite the sun — con- 
sists of a cloud of meteoric particles that 
tend to linger in the vicinity of L, during 
their orbital motion around the sun. 

In the sun-Jupiter system, the L: point 
lies on the line joining the sun and 
Jupiter, about 30 million miles beyond 
that planet. Thus if there is a swarm of 
meteoric bodies forming a Jovian gegen- 
schein, it would lie about a third of an 
astronomical unit from Jupiter. 

The Jocations of the points L, and L: 
are also important in defining the region 
around a planet in which a satellite can 
be permanently retained. The moon, 
239,000 miles from us, is well inside the 
critical distance of one million miles. But 
the outermost satellites of Jupiter are 
about 15 million miles from their pri- 
mary. Thus they are now within the 
critical distance of 30 million miles and 
are fairly stable, but relatively small 
perturbations by other bodies or a de- 
crease in the mass of Jupiter could allow 
them to escape. 

Another important application of the 
Lagrangian points is in the study of 
gaseous streams in close binary-star_ sys- 
tems, a topic I discussed in Sky and Tele- 
scope for December, 1957. 

We have seen that a satellite placed 
exactly at one of the points Li, Lz, or L:, 
and provided with exactly the right or- 
bital velocity, can remain forever in the 


August, 1958, Sky AND TELESCOPE 513 








same position relative to the earth and 
moon. But what will happen if it is 
placed close to yet not at one of the 
Lagrangian points, or is provided with a 
slightly incorrect velocity? If the satellite 
would tend to remain in the vicinity of 
the particular Lagrangian point, we 
would call its motion stable; if it moved 
indefinitely from the Lagrangian 
point, the motion would be unstable. 
The English astronomer H. C. Plum- 
mer proved in 1901 that all three solu- 
tions are in general unstable: “If the in- 
finitesimal body were displaced a_ very 
little from the points of solution it would 
in general depart to a comparatively great 
distance.”” (F. R. Moulton, An Introduc- 
tion to Celestial Mechanics, second edi- 
tion, page 302, 1914). However, G. Dar- 
win and Moulton were able to show that 
if the departures from the correct position 
and motion of the satellite obey certain 


away 


conditions, the small body will make a 
number of loops around the Lagrangian 
point before pursuing its path into other 
regions, 

In practice it would be extremely dif- 
ficult, if not impossible, to place an arti- 
ficial satellite precisely at the Lagrangian 
point and provide it with just the correct 
circular velocity. All we could hope for 
is to approximate these conditions, and 
have the satellite execute a few oscilla- 
tions around the Lagrangian point before 
wandering off. According to Moulton, 
the period of each oscillation is about six 
months, being longest at L: and shortest 
at L,. 

An interesting instance of these phe- 
nomena was studied by Mrs. Nancy L. 
Gould of Leuschner Observatory. For the 
eclipsing binary system of Algol, she has 
calculated the trajectories of particles 
ejected radially from different places on 
the equator of the less massive star, all 
with the same initial velocity. Some of 
the ejected particles fall back toward the 
parent star, and others tend to form a 
ringlike structure around the more mas- 
sive body. There are a few particles that 
describe loops around the Lagrangian 
point L;. 

From these examples, we can glimpse 
something of the wide range of applica- 
tions of Lagrange’s idea of equilibrium 
points, even in branches of astronomy 
undreamed of during his lifetime. 





PLANETARIUM SYMPOSIUM 
AT CRANBROOK 

A symposium on 
their educational uses will be held at 
the Cranbrook Institute of Science, 
Bloomfield Hills, Michigan, on Septem- 
ber 7-10. Sponsored by the National Sci- 
ence Foundation, the discussions will con- 
cern the broader objectives of astronomi- 
cal instruction as well as planetarium 
techniques. Registration is limited to 95 
persons; additional information may be 
secured from James A. Fowler, curator 
of education at the institute. 


planetariums and 
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NEWS 


TRANSITS OF VENUS 
PAST AND FUTURE 

While few eyewitnesses of the transit of 
Venus in 1882 are alive today, many 
younger readers will be on hand to ob- 
serve the next passage of that planet 
across the disk of the sun on June 8, 2004. 

A listing of 82 transits of Venus be- 
tween 3000 B.c. and a.p. 3000 is given by 
Jean Meeus in the Journal of the British 
Astronomical Association for April, 1958. 
His extensive calculations were based 
upon the convenient tables of Venus pub- 
lished by H. P. Bhatt in India in 1957. 

Mr. Meeus finds that on the average 
there are 13.7 transits of Venus per 1,000 
years, the actual number varying between 
eight and 18. Transits can take place 
only during the first half of December or 
the first half of June, and when Venus is 
at the ascending or descending node of 
its orbit. Since the transit of June, 1518, 
the intervals between consecutive passages 
of Venus across the sun are 8, 1053, 8, and 
1214 years; a transit is followed 243 years 
later by a very similar one. 

The next four transits will take place 
on June 8, 2004; June 5-6, 2012; Decem- 
ber 11, 2117; and December 8, 2125. Mr. 
Meeus calls attention to several future 
grazing transits. That on December 13, 
2611, will be partial for the northern part 
of the Atlantic Ocean and western Eu- 
rope, and complete elsewhere. 


NEW ASSOCIATE DIRECTOR 
AT GRIFFITH OBSERVATORY 

On July Ist, Dr. Robert S. Richardson 
became associate director at the Griffith 
Observatory and Planetarium in Los 
Angeles, California. He had been a mem- 
ber of the staff of Mount Wilson Observa- 
tory since 1930, and is well known for his 
observations of the sun and Mars. He is 
a prolific writer on astronomical sub- 
jects; among his books is Exploring Mars, 
published in 1954. 


SHAPE OF THE EARTH 

The earth appears to be slightly less 
flattened at the poles than was previously 
accepted, according to calculations by H. 
G. Hertz and M. Marchant, of the U. S. 
Army Map Service. Their conclusion is 
based upon changes in the orbits of arti- 
ficial satellites; the more oblate the earth, 
the faster are the shifts of a satellite’s 
perigee point and its ascending node. 

According to their preliminary results, 
reported in Harvard Announcement Card 
1408, the polar diameter of the earth is 
26.57 miles shorter than the equatorial 
diameter, as deduced from the nodal 
shift of satellite 195882. This corresponds 
to an oblateness (diameter difference di- 
vided by equatorial diameter) of 1/298.38. 
The generally accepted value has been 
1/297.0, giving a diameter difference of 
26.70 miles. 

Other calculations by 


Drs. Hertz and 
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NOTES 


Marchant, based on the perigee of the 
same satellite and on the perigee and 
node of 1958, agree in showing a smalle1 
oblateness than 1/297.0. 

The Army Map Service scientists em 
phasize the preliminary nature of thei 
computations, for which Naval Research: 
Laboratory orbit data were used rather 
than the original observations. 


WALTER BAADE RETIRES 
On June 30th, an outstanding authority 
on galaxies retired from the staff of 
Mount Wilson and Palomar Observatories 
after 27 years of service. Walter Baade 
gained world fame by two astronomical 
discoveries of the first importance. One 
was the recognition that there are two 
distinctive types of stars, Populations I 
and II, in our own and other galaxies. 
The other finding, announced in 1952, 
was that the cosmic distance scale needed 
a major revision, putting all extragalactic 
objects at least twice as far from our 
Milky Way galaxy as previously believed. 
Recent projects of Dr. Baade included 
a collaboration with Rudolph Minkowski 
in the identification of cosmic radio 
sources with optically observed objects. 
Dr. Baade, who is 65 years old, was 
born and trained as an astronomer in 
Germany. He joined the staff of the Ham- 
burg Observatory in 1919, where he be- 
came well known for his discoveries with 
the 39-inch reflector of comets, asteroids, 
variable stars, and clusters of galaxies. 


IN THE CURRENT JOURNALS 
LUNAR TRAJECTORY MECHANICS, 
by Louis G. Walters, Navigation, 
Spring, 1958. “Navigation studies re- 
quire consideration of all factors which 
serve to determine the course of the 
vehicle relative to that of the Moon, 
and the use of mathematical techniques 
which will lead to a precise end point.” 
GLOBULAR STAR CLUSTERS, by 
Helen Sawyer Hogg, Journal of the 
Royal Astronomical Society of Canada, 
June, 1958. “Globular clusters are dy- 
namically so stable, so little affected by 
any disruptive forces, that their indi- 
vidual stars will die as stars before the 
clusters disintegrate as clusters.” 


CLIMATE AND THE CHANGING 
SUN, by Ernst J. Opik, Scientific 


American, June, 1958. ‘““‘We know that 
the climate of the earth has in fact 
changed drastically over the eons of 
time. Many theories have been offered 
to explain these long-term swings: 
dust clouds from volcanic explosions, 
changes in the tilt or orbit of the earth, 
and so on. None of them has proved 
convincing. In the end we always come 
back to the simplest and most plausible 
hypothesis: that our solar furnace varies 
in its output of heat.” 
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Amateur Astronomers 


47TH AAVSO SPRING MEETING 


A FIER a rainy Friday, clear skies pre- 
f vailed for the spring meeting of the 
\merican Association of Variable Star 
Observers on the island of Nantucket, 
\fassachusetts, on June 12-15. The oc- 
casion was part of the 50th anniversary 
celebration of Maria Mitchell Observa- 
tory, the meeting being held by invitation 
of the director, Dr. Dorrit Hoffleit. 

On Friday, June 13th, Dr. Edward Lil- 
ley, of Yale University Observatory, spoke 
on “Rockets, Radio, and Astronomy.” 
Committee reports and talks by members 
were heard Saturday morning in the 
Maria Mitchell Association’s — scientific 
library, across the street from the observa- 
tory. 

In the first of two quarterly reports 
since the 1957 fall meeting, Mrs. Margaret 
W. Mayall, AAVSO director, published 
55,000 observations of 668 variable stars 
by 133 observers; in the second, there 
were 61,500 observations of 734 stars by 
149 observers. ‘The first such quarterly 
report, in 1946, listed only 407 variables. 

The highlight of Saturday afternoon 
was an address by Margaret Harwood, 
who was the director of Maria Mitchell 
Observatory for over 40 years, gaining 
fame for her extensive photographic 
studies of variables in the Scutum star- 
cloud. Miss Harwood has also _partici- 
pated in a number of eclipse expeditions, 


NEW CLUB IN ALABAMA 

[he ‘Tri-Cities Astronomy Club of 
Florence, Shefheld, and Tuscumbia, Ala- 
bama, was started by four amateurs last 
\ugust, and now has 11 members. Tele- 
scope making and observing are empha- 
sized at the informal meeting held at a 
member’s home on the fourth Wednesday 
of each month. The club planned to 
sponsor a telescope making class this 
summer. 


leading one herself from Nantucket in 
1932. 

As the early part of Saturday night was 
occupied by the banquet (attended by 


103 persons) and another session for pa- 
pers, observing with the 5}-inch refractor 
did not begin until late. With the sky 
perfectly clear, planets and variables were 
viewed; meteors were counted; a fine 
aurora was seen; and, finally, the rocket 
of Sputnik III was watched in a 3:17 a.m. 
(EST) passage, when several accurate 
fixes on it were obtained. 





The Maria Mitchell Observatory has a 75-inch photographic refractor, mainly 
used for the investigation of faint variable stars. From a Kodachrome by J. E. 
Welch, West Springfield, Massachusetts. 


Each member possesses at least one tele- 
scope, and the club has 15 in all, ranging 
from a 1}-inch refractor to a 10-inch re- 
flector. Instruments made by the group 
include a 10-inch Springfield, an 8-inch 
rich field, six 6-inch reflectors, and two 
Dall-Kirkhams — a 3-inch and a 4-inch. 

Membership is open to all interested 
persons, who should communicate with 
the president, Roy May, 606 River Bluff 
Dr., Sheffield, Ala. 





Each of these 11 Alabama amateur astronomers, all members of the Tri-Cities 
Astronomy Club, is seen standing alongside his own instrument. 


MOUNTAIN STATES MEETING 


The fourth annual convention of the 
Mountain Astronomical Research Society, 
a region of the Astronomical League, will 
be held on August 9th at the University 
of Denver in Colorado. The host is the 
Denver Astronomical Society. 


MID-STATES CONVENTION 

The Wichita, Kansas, Astronomical So- 
ciety is the host for the Mid-States regional 
convention of the Astronomical League 
on August 30-31. The meeting will be 
held on the campus of the University of 
Wichita in air-conditioned buildings. On 
Sunday, August 3lst, the afternoon session 
is for junior astronomers; the banquet is 
scheduled that evening. 


THIS MONTH’S MEETINGS 


Dallas, Tex.: Texas Astronomical So- 
ciety, 8 p.m., home of E. T. Cramer, 5807 
Gramercy Place. August 25, field meeting. 

Edinburg, Tex.: Magic Valley Astro- 
nomical Society, 8 p.m., Pan American 
College Observatory. August 15, observ- 
ing Saturn. 

Palo Alto, Calif.: Peninsula Astro- 
nomical Society, 8 p.m., Palo Alto Junior 
Museum. August 1, Dr. V. Rossow, Ames 
Aeronautical Laboratory, ““Table-top Ex- 
periments in Magnetohydrodynamics.” 
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ITEM #1 Only 4.95 Down 
HNUPEED evesniseeh senavetvussedabeneshevencumevipsteoieabuanessobbwiebbcaybssenssseeastevooses Net 49.50 
F-331 2x Barlow lens for use with above. Shpg. wt. 2 Ibs. Net 9.95 


THE NEW Professionally Designed and Produced 






Explorer by LAFAYETTE 


Lafayette’s EXPLORER professionally designed and produced not a collection of ‘’surplus’’ 
parts and lenses meets te specifications for the MOONWATCH project. The achromatic 
objective is a hard-coated Fraunhofer type with a clear aperture of 50 mm., focal length 
185 mm., gathering about 50 times as much light as the dark-adapted eye. Faintest discernible 
star 10.3 magnitude. The eyepiece is a 6-element, coated Erfle type, focal length 30 mm., 
apparent field of view 68°. Magnification is 6.2x, exit pupil 8 mm., real field of view 11°. 
The eyepiece has a I-mm. wire in its field to define the meridian. Spiral focusing with locking 
ring to set eyepiece. Body tube and fork-type altazimuth mount of light-weight metal alloy. 
All bearings of brass and stainless steel. Altitude scale fitted to the trunnion sleeve reads 
0-90-0 in 5° increments to show telescope setting. Extremely bright, first-surface, aluminized 
mirror, 95 mm. x 50 mm., set at 45° to the axis. Lever clutch permits removal of mirror at 
will. Mount may be bolted to a base or mounted on standard tripod. Positive locks on 

each axis. Entire tube may be withdrawn from mount and hand held. May be used 
as a fine rich-field telescope — a wide-field finder scope —- a 6x telephoto lens 
a 9x to 70x astronomical telescope by use of 2x Bariow lens and 6-mm., 9-mm., 
12.5-mm., or 20-mm. eyepieces. All available from Lafayette. Over-all size 
8/2" x 147%"’. Weight: telescope only, 11/2 Ibs.; base and mount 
only, 2 Ibs.; mirror assembiy only, 34 Ib. Shipping weight 6 Ibs. 






































| Lafayette’s 160x, 62-mm. 


@ 800-mm. Focal Length @ 62-mm. Objective 
@ Micromotion adjustments on both axes 


@ Coated optics throughout @ Equatorial mount 


are hard-coated Huygenians. 


Heavy plating used throughout to prevent rusting. Shipping wt. 30 Ibs. 


Latest in a long line of Lafayette refractors at reasonable prices. The unusual value of the 
Pelaris is recognizable in the following specifications. Objective: Fraunhofer-type achromat, 
| hard coated, 62.5 mm., 800-min. focal length. Collects about 75 times as much light as the 
| naked eye, resolving power 2 seconds, faintest discernible star 10.7 magnitude. All eyepieces 


| Finder scope is 6x, 30 mm. Equatorial mount with slow-motion controls in right ascension 
and dechnat.oa. Tripod head with latitude adjustment. Clamp lever for 
inclination. Accessories include sunglass, star diagonal, erecting prism, sun projection screen, Down 
field tripod, and wooden case. Magnifications of 160x, 88x, and 40x. Rack-and-pinion focusing. 


saad Net 79.50 eM 


Only 


declination and 7.95 





#2 





















f 132x, 2.4" 


@ 2.4” Objective Lens 
@ Slow-motion controls 








5 50 Only 5.95 3%” REFLECTOR 


Down 


@ 800-mm. Focal Length 


eto Pp af voce Shagl won cig reflectivity and care in adjustment of secondary 
Fina. dhelinnent face ARs alate mirror. Highly achromatic system. Resolving power 
astronomer. Fully coated and cor- 


rected for coma and for spherical tude. Finder scope 4x. Eyepieces are a 20-mm. 
and chromatic aberration. Fork-type coated Ramsden and a 9-mm. coated Huygenian- 
altazimuth mount has slow-motion Mittenzwey. All-metal construction. Body tube white 
controls for both altitude and azi- enameled. Altazimuth fork-type mount with clamps 
te : se . muth. Focusing by means of draw- in both axes. 17’ metal table tripod. Mount may be 
tube, rack-and-pinion drive with coaxial knobs. Body tube of white enameled af th field 4ripod. Shiaoi t 
duraluminum. Moving parts of heavily chrome-plated brass. Includes 5x 20-mm. FeMmOves TOF Use we re ripod. ipping wi. 
focusing view finder with etched crosshairs. 4 coated eyepieces: 6 mm., 9 mm., 15 Ibs. 
12.5 mm., 20 mm. Sunglass, erecting prism, star diagonal, wooden cabinet, tripod WOUND ss Csasactacacksursossecvadebvabpacatesccetitaxis tet Net 44.50 
with chain brace. Objective lens 62 mm., focal length 800 mm. Shipping wt. 
25 Ibs. © Extremely compact @ 84x, 38x 44°° Only 4.50 
Paice bbe sa cdacesuphvss vassbessehoacensiedings ives bel vopsdcasaisitesaecen ante Meenete Net 59.50 @ Professionally designed Down 
0 SO SS SS SD ED ED OS OD DO 
‘ Uo J . — 1 
: 7 a») . 
ld 7 (] canane i Lifayette Kado P. 0. BOX 651 
| ~- JAMAICA 31, N.Y. 
' | 
& NEW YORK, N. Y. j © Rush Free 180 Page Catalog i 
USE OUR EASY PAYMENT PLAN 100 Sixth Ave. y O Please Send Item #........... UOWNUEE , oecvcewccotate J 
ONLY 10% DOWN — Easy Monthly Payments! BRONX, N. Y. { © Send EASY PAYMENT ORDER FORM l 
A convenient, economical way to buy your telescope without disturbing | 542 E. Fordham Rd. /4 SK-H | 
your savings. You can enjoy your telescope and pay out of future earnings. NEWARK, N. J. A PUMMRRD css s caredisln's boeboeeaedneewudes veveneeae ees | 
Down payment required is 10% — balance in small monthly payments. 24 Central Ave. I | 
Your first payment is not due until 30 days after date of shipment. All PLAINFIELD, N. J. PMMMUMMES oi oc 55 vos osu See bucivnnvees teeeeeeeee | 
carrying charges will be refunded if payment is completed within 60 days 139 West 2nd St. . \ 
of shipment. No red tape — no hidden charges. A simple confidential plan BOSTON, MASS. er 
for the convenience of Lafayette's customers. 110 Federal St. gp CW..--0--- : ---+ Zone... - State.........+-+ | 


ITEM #4 


An extremely fine, compact, professionally designed 
and produced 314” reflector. Primary mirror is 
aluminized and quartz overlaid. Secondary mirror 
is also an extremely bright, aluminized, first-surface 
element. Exceptionally low light loss due to high 


1.4 seconds. Faintest discernible star 11.4 magni- 
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OBSERVER’S PAGE 


Universal time is used unless otherwise noted. 


FILTER TECHNIQUES FOR PLANETARY OBSERVERS 


judging the colors of 


*OLOR FILTERS are of great value 
C to the planetary observer. They help 
overcome image deterioration caused by 
scattering in the planet’s atmosphere and 
in the earth’s, as well as by atmospheric 
prismatic dispersion. They permit separa- 
tion of the light from different levels in 
the planet’s atmosphere, and they increase 
hue contrast between areas of differing 
color. Finally, they help reduce irradia- 
tion in the observer’s eye. 

\ll of these functions of filters concern, 
in a rather intricate manner, the sharp- 
ness of surface and cloud detail that is 
seen on a planet. For simplicity let us con- 
sider each factor separately. 

Scattering interposes a luminous veil 
between the observer and his subject. 
The first quantitative study of the laws of 
atmospheric scattering was made in 1871 
by Lord Rayleigh. He showed that for 
particles of a given size the scattering is 
inversely proportional to the fourth power 
of the wave length of the light. Hence, 
violet light of 4000 angstroms is scattered 
about 16 times more than deep red light 
of 8000 angstroms; the blueness of the 
daytime sky is the result of this property. 

Rayleigh’s law also holds approximately 
for the atmospheres of Mars and Venus. 
Here the filter comes to our aid, for with 
a suitable one we can eliminate the scat- 
tered blue light and observe planetary 
markings in red and yellow. 

Prismatic dispersion by our atmosphere 
is most evident when a star or planet is 
seen near the horizon. It results from re- 
fraction being less for longer wave lengths; 
each point source spreads into a tiny 
vertical spectrum, the red end appearing 
horizon. This effect can be 
reduced by through a filter 
transmitting only a narrow spectral region. 


nearer the 
observing 
Atmospheric penetration. To explore a 
atmosphere — to 
depths, molecular scattering can be ex- 
ploited. Since the shorter wave lengths 
are scattered more, it follows that ultra- 
violet light scarcely penetrates an atmos- 
phere at all, violet light penetrates to 
some depth, blue still deeper, while blue- 
green may reach the solid surface. Filters 
applying these criteria can be used, for 
instance, in studying Martian atmospheric 
phenomena. 


terrestrial-type various 


Hue contrast is affected by sharpness of 


boundaries and by differences in color 


and shade. 


Light yellow and orange fil- 





ters are useful 
the low-hue cloud 
Jupiter and Saturn. 


belts and zones on 
To bring out a white 
area on a reddish background, a green 
filter is useful. For example, a_ light 
yellow-green filter will sharpen the bound- 
ary of a white frost area on Mars by dark- 
ening the ochre desert, while allowing 
adequate penetration of the Martian at- 
mosphere. A blue-green filter will simi- 
larly increase the contrast of an atmos- 
pheric cloud above an ochre desert region. 

Irradiation occurs between adjoining 
areas of unequal brightness. The amount 
the bright area appears to encroach upon 
the fainter one is approximately propor- 
tional to their intensity difference. This 
is evidently a physiological effect, orig- 
inating within the eye itself. Some astro- 
nomical examples are the apparent en- 
largement of the Martian polar caps and 
of Venus’ and the apparent 
reduction in size of canals and dark spots 
on Mars. In photography, there is an 
analogous spreading of bright images in 
the emulsion. 

Some solar system objects display dark 
lines against a light background, for ex- 
ample, lunar rills and the narrow Martian 
canals. Irradiation causes these dark fea- 
tures to shrink, and sometimes to disap- 
pear completely. 


cusp Caps, 


WRATTEN FILTERS 


Extreme 

No. Color % Dom. Range 

8 Light Yellow 83 5720 4600-7000 
12 Yellow 74 5760 5000 - 7000 
15 Deep Yellow 66 5790 5100-7000 
21 Orange 46 5890 5400 - 7000 
23A Orange-Red 25 6030 5700 - 7000 
25 Red 14 6150 5900 - 7000 
29 Deep Red 6 6320 6100 - 7000 
38A Blue 17. 4790 4000 - 6400 
39* Dark Blue 1 4510 4000-5100 
47B Deep Blue 1 4800 4000 - 5000 
48A Deep Blue 1 4580 4000-5100 
57 Yellow-Green 32 5360 4600 - 6200 
64  Blue-Green 25 4970 4000 - 5900 
70 Deep Red Y, 6760 6500 - 7000 
82A Light Blue 72 4770 4000 - 7000 


*Glass filter 

The Eastman Kodak Wratten filters 
listed in the table have useful transmis- 
sion characteristics for planetary work, 
are fairly stable, and have given good re- 
sults. Most Wratten filters are made of 
gelatin, stocked in 2- or 3-inch squares, 
which may be cut to size and mounted in 
adapters to go over the eyepiece, as shown 
by the author’s stock of filters in the ac- 


Venus on August 26, 

1954, drawn by W. E. 

Shawcross, with a 123- 

inch reflector at 202x. 

Left to right: blue 

Wratten filter 47, green 
58, and red 25. 
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* * BERAL COATINGS x* 


The ideal coating for front surface 
precision mirrors for these reasons: 


1. Beral has HIGH reflectivity. 


2. Beral is HARD; does not sleek easily. 
3. Beral can be cleaned easily — no 
porous OVERCOATING of quartz. 

4. Beral is NOT a Chromium alloy, so 


can be removed easily. 
Prices for ge coating telescope mir- 
"$2.75, 5”-$3.00, 6”-$3.50, 
8”. 4, 50, 9”-$5.50, 10”-$6.50, 
11”-$8.50, 1216”-$9.75. Prices for sizes 
up to 37” diameter on request. Add 
Postage — Insurance for return mail. 


LEROY M. E. CLAUSING 


8038 MONTICELLO AVE. SKOKIE, ILL. 

















HELPFUL HINTS 
TO OBSERVERS! 


The free literature offered in the Frank Good- 
win ad below includes the following subjects: 
telescope observational techniques and methods; 
cutting down sunlight externally in viewing the 
sun; cleaning mirrors; sealing objectives against 
interelement air-space dewing; how to approxi- 
mate off-axis performance with your reflector 
by a simple black-paper mask on mirror, occult- 
ing diffraction of diagonal and struts. (Also 
how the Goodwin Resolving Power lens is posi- 
tively guaranteed to make any good telescope 
perform like a larger one, for reasons stated in 
the ad below.) 


FRANK GOODWIN 


345 Belden Ave., Chicago 14, Il. 
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~NEW THRILLS 
FROM YOUR TELESCOPE! 


Sharper images, wider field, more 
light at higher powers! A startling 
statement positively proven in 16- 
page telescopic educational matter, 
plus many helpful hints, sent free 
on receipt of self-addressed long 
envelope bearing 9c return postage. 
First, the Goodwin Resolving Power 
lens placed in front of eyepiece gives 
three times the magnification on each 
by increasing the effective primary 
focal length up to three times, yet ex- 
tends eyepiece out no more than two 
inches from normal. This alone sharp- 
ens definition. 


Next, by achieving your highest pow- 
ers on more comfortable low-power eye- 
pieces, you lessen image deteriorations 
due to short-focus acute bending of the 
convergent beam, since all usual eye- 
pieces are f/1 or less. Again sharper 
images from this highest precision lens. 


Third, you get greater illumination and 
wider field by relieving tiny aperture 
restrictions of higher-power eyepieces. 


The Resolving Power lens is achro- 
matic, coated, gives flat field sharp 
to the edge. Here is astonishment! 
Price $23.50 in 4” long adapter 
tube fitting standard 14” eyepiece 
holders ONLY. (Also adaptable to 
Unitrons; state if Unitron.) Money 
back if not positively thrilled after 
two weeks trial! Used and praised 
by legions! 

No COD’s—Colleges and Observa- 

tories may send purchase order. 


FRANK GOODWIN 


| © Belden Ave., Chicago und mi. 
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* TRECKERSCOPE «x 





OPTICALLY PERFECT 
MECHANICALLY PRECISE 
RESEARCH QUALITY 


e @ @ e 
Highest-precision performance and en- 
gineering that are positively not avail- 
able at lower prices per aperture than 
at Treckerscope’s range of prices. 
Avoid later disappointments — by 
viewing through Treckerscopes. 

@ 6 oo e 
Guaranteed for 20 years — but will 
last indefinitely. Our mirrors are coated 


to prevent oxidation dulling. 





AMERICA’S NO. 1 TELESCOPE 
FOR AMATEURS AND 
PROFESSIONALS ALIKE. . . 


What other reflector offers you all of these desir- 
able features still within the price range of every- 
one? Super-rigid mounting (with adjustable latitude 
setting). Unexcelled optical system correct to Ve-wave 
sodium light, or better. Fiberglass, feather-light 
tube. World’s finest finder-scope system (50-mm. 
objective). HYDRO-GLIDE eyepiece focusing mount. 
Your choice from the nation’s finest selection of 
oculars (eyepieces) of any three eyepieces or any 
» i two eyepieces and the Goodwin Resolving Power 
lens. Precision clock drive, 110 volt, plus manual 
slow-motion control (with De Luxe models). Semi- 
rotatable tube on Standard models fully rotatable 
on all De Luxe models. Setting circles, accurate to 
0.001 inch, may be obtained for Standard models 
and are furnished with the De Luxe. Write for our 
catalogue Treckerscope brochure or our pam- 
phlet, ‘“‘What You Should Know, Look For, And 
Demand Before Buying Any Telescope.’ 





STANDARD 6” $295.00 DE LUXE 6” .. $495.00 
rs 8” 375.00 7, 8” .. 575.00 
. 10” 675.00 “ 10” .. 857.00 
“ 12¥2" 995.00 ” 12VY2" .. 1150.00 
10” CASSEGRAIN “SKY-GIANT” .... $1695.00 


8-INCH DE LUXE TRECKERSCOPE 





DUST SEALED — ALL COATED 
BEAUTIFUL FINISH 

Guaranteed to be the finest you ever used 
— or return for full refund! Outstanding 
features: wide flat field, sharp to the very 
edge; extra-long eye relief; parfocalized for 
easy change of power; sealed-in optics, never 
need interior cleaning; hard coated, mag- 
nesium fluoride; boldly marked for easy identification; striking 
chrome and black-velvet finish, beautifully machined, 1%’ 0.D. 

ORTHO-STAR oculars are available in the following focal 
lengths, giving, for example, the indicated powers when used 
in conjunction with an 8” f/8 mirror: 27 mm.—61x; 20 mm. 
81x; 16 mm.—102x; 10 mm.—163x; 7 mm.—233x. 


$19.50 each ppd. 








TRECKER-PATHFINDER $74.50 


EQUATORIAL MOUNT complete 


This mount will accommodate 4-inch to 8-inch telescopes. Specify your 
tube size when ordering. 


Standard 36-inch height — massive 12-inch steel shafting, in oil-im- 
pregnated bronze bearings. 


This amazing EQUATORIAL MOUNT is just what the doctor ordered for 
mounting that homemade telescope you labored so hard to finish. Now 
you can purchase a beautifully constructed, highly rigid equatorial 
mount, COMPLETE, for your own telescope as economically as if you 
had built it yourself. This terrific mount is made entirely of metal; 
all of the moving equatorial parts are polished to work with maximum 
ease. Legs, head, and counterweight are all removable for easy storing. 
The saddle allows complete rotation of your tube. One of the more 
important features in this mount is that the polar axle is extended for 
ease in attaching a clock drive and/or setting circles, which may be 
added at any time. The TRECKER-PATHFINDER mount also has a beau- 
tiful, chip-resistant finish. Taking all of these unusual features into 


USE OUR EXTENDED PAYMENT PLAN ON ALL SCOPES AND MOUNTS consideration, this is truly one of the best DOLLAR-FOR-DOLLAR values. 


ANOTHER COAST “FIRST”! 


ALL-NEW HYDRO-GLIDE eyepiece focusing mount (formerly referred to as “‘rack and 
pinion’). Now you can have whisper-smooth control, such as has never before been 





MIRROR 
CELLS 


Skeleton type 


4-VANE 
SPIDERS 





choke $6.95 i ae ras available in any focusing mount an entirely new concept yet standard in appear- 
rn a $10.95 Seiki 2% 10” ..... $14.95 ance and method of securing to your telescope tube. You will be astounded at its 
esas $17.95 12V/9"" $16.95 unbelievable superiority. if this isn’t the smoothest return for full refund! 

es $21.00 aa P $18.50 patent pending 


Satin-chrome finish 
6 power 


NEW, FINE HEX PITCH-LAP MATS PENSCOPES 
Reduce by 99% chance of turned edge from polishing 7x, 50-mm. objective, helical o 
operation and eliminate zonal aberrations. Sizes available: focusing, with mounts and A precision _ tele- 
44", 6”, 8”, 10”. All mats have approximately same crosshairs. Same as used on scope that clips in 
number of facets regardless of mirror diameter. Saves much TRECKERSCOPES. $18.50 your pocket like a 
time-consuming effort, for the labyrinth of fluid channels fountain pen. For 
afforded by this design results in greatly improved retention hunters, sports fans. 
of the polishing medivm and less evaporation. Hexagonal Now in use by the 
design allows more facet area; provides more active F.B.1. Made in U.S.A. 
“churning” of the polishing fluid and better finish. 


44" or 6’, $3.00; 8”, $4.00; 10’, $5.00 


Send for Coast Instrument’s Pro- 
fessional MIRROR CLEANING KIT. 


$2.35 ppd. | $9.95 





EXCLUSIVE 
DISTRIBUTOR ; 
All prices, unless otherwise indicated, are at our warehouse in Long Beach, California, from where shipping charges will be added, and are subject to change without notice. 
Nominal crating charge added for all telescopes and mounts. California residents: Add 4% sales tax to all prices. NOW APPOINTING DEALERSHIPS . . . INQUIRIES INVITED. 


COAST IN STR UMEN t, IN 4811 Long Beach Bivd., Long Beach 5, Calif. 


“IN OPTICS SINCE 1933” 


Phone: GArfield 2-3411 or NEvada 6-7683 
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The center picture of Mars was made in blue light, the other two in orange, by 

L. J. Wilson on July 21, 1939, at 6:08, 6:12, and 7:10 UT (left to right) with a 

12-inch reflector and eyepiece projection. The reproduction enlargement is 
about 12 times. 


companying picture of his filter setup. 

[he columns in the table are Wratten 
number, general color characteristic, over- 
all percentage of light transmitted by the 
filter in the wave-length region 4000 to 
7000 angstroms, dominant transmission 
wave length, and approximate range of 
transmission within the same _ spectral 
region. 

Filters can be used with eyepieces of 
any power, but since irradiation is less 
with fainter images, high magnifications 
help reduce it. If the quality of the see- 
ing permits, a power of 40 per inch of 
aperture for reflectors and 30 per inch for 
refractors is recommended as a minimum 
for observing the moon, Mercury, or 
Mars. Somewhat higher powers are neces- 
sary to lessen irradiation on the disk of 
Venus, and a neutral density filter or 
partially crossed polarizers may be used 
in addition. 

Color filters of low transmission height- 
en contrast of surface detail or clouds and 
at the same time cut irradiation. For 
instance, blue and violet filters 39, 47B, 
and 48A are useful for the low-contrast 
shadings of Venus because of the yellow- 








Charles F. Capen’s Wratten filters are 

stored in this box, where their charac- 

teristics are conveniently listed. The 

filter holder, lower left, fits over the 

eyepiece, being secured with a screw 

on its side. To its right are parts of a 
polarimeter. 


ness of these markings. Red, yellow, and 
green filters generally disclose little de- 
tail, but there is apparently an alternating 
color change from red to blue in the 
south polar region of Venus. There I 
have seen dark shadings with the aid of 
the low-transmission red filters 25, 29, and 
70 (useful only with large telescopes); 
also with green 64. For dazzling lunar de- 
tail, filters 15, 21, 23A, or 57 are recom- 
mended. 

Using the less-scattered yellow and red 
wave lengths gives an image with in- 
creased definition and contrast. Most of 
the scattered blue light in Mars’ atmos- 
phere may be filtered out with a deep 
yellow or orange filter (15, 21, or 23A); 
these also reduce the light from the blue 
and green areas, darkening the maria, 
oases, and canal markings in comparison 
with the orangish desert regions of the 
planet. A lighter yellow filter (8 or 12) 
will stop the scattered blue light also, 
but will allow passage of more green light 
from the maria. 

On the other hand, a red filter (25 or 
29) transmits red and some yellow light, 
but cuts out all blue and green, thus giv- 
ing maximum contrast. A filter redder 
than 29 will probably cause a loss of very 
fine detail. 

Techniques for observing planetary at- 
mospheres usually require blue-transmit- 
ting filters, but their uses vary widely. For 
instance, only a very light blue filter with 
high transmission, such as 82A, would be 
used with a filar micrometer in determin- 
ing the latitudes and longitudes of faint 
Jovian and Saturnian cloud and wisp 
formations. 

On the other hand, to restrict observa- 
tions to the top of Mars’ atmosphere, 
rather dense deep blue filters would be 
used (39, 47B, or 48A); these sharpen the 
boundaries of high-lying clouds. With a 
lighter blue filter transmission 
band is shifted toward the green, as 38A, 
a deeper penetration may be made and 
any increase or decrease in cloud di- 
mensions observed. Finally, a blue-green 
filter (64) may be employed for further 
above the 


whose 


cloud comparisons directly 
planet’s surface. 

Sometimes it is difficult to determine 
whether a Martian white area is a high- 
altitude cloud, a low-lying one, or a 








Satellite 
Observers 


Here is an extremely fine, im- 
ported Zuiho binocular, just the 
thing for satellite observing. Note 
the wide field of view — 10.5°! 





Delivered anywhere in the 
Continental United States. 


$3,500 


Complete with 
beautiful case 


TAX PAID 

SPECIFICATIONS — 
Ma maihicatiOty 4; iiss ccccecsctcncrceseays 7x 
Objective aperture ................006 35 mm. 
Eyepiece aperture ..........cccscccseees 24 mm. 
Diameter of exit pupil ............ 5 mm. 
Field of view at 1,000 yards .... 551 feet 
Field-of-view angle .........s:sc0 10.5° 
PRRNN He secssaccccssacactreeticsetuacetlen 128 mm. 
PRRGACHD ~ ins <csedssssacasctuacteeracteeces 195 mm. 
INGE  WOMBING veisicccccscccscccecossecesins 950 grams 
Weight of pigskin case ............ 400 grams 


AMERICAN TYPE WIDE ANGLE 


yg ho > 


Central Focus 


We have sold hundreds of pairs of these 
binoculars with the utmost satisfaction. 
Remember, they are unconditionally guar- 
anteed. If you are not pleased with them, 
send them back to us and your money will 
be immediately refunded. 


Amateur radio gear traded for 


optical equipment and vice versa. 


ADIRONDACK 
RADIO SUPPLY 


Established 1936 
P. O. BOX 88 
AMSTERDAM, NEW YORK 
Ward J. Hinkle, W2FEU — Owner 
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frosted ground area. If the white patch 
lies in an ochre desert region, make com- 
parative observations with yellow-green 
(57) and deep blue (47B). If the cloud is 
larger, brighter, or better defined with 
filter 57, it probably lies near the surface, 
but should be high-altitude if 47B gives 
a superior view. 

Most of Mars’ yellow-type clouds seem 
to be close to the surface, on the basis of 
these tests. Martian cloud studies are of 
definite value in ascertaining meteoro- 
logical conditions on the planet. 

One puzzling phenomenon of Mars is 
the “blue clearing.”” When this occurs, 
surface features can be photographed and 
seen in blue light for approximately a 10- 





RADIO-NOISE MAPS 


for Radio Astronomers and 
Communications Engineers 


This set of radio-noise maps, in planisphere 
form, covers the entire sky. Pairs of trans- 
parent overlays represent the northern and 
southern radio sky as it would appear to an 
observer with an antenna of half-power beam- 
width 2° at 600 megacycles per second, and 
10° at 200 megacycles. The distribution of 
cosmic noise at other frequencies can be readi- 
ly determined. Horizon-co-ordinate grids are 
provided for selected latitudes. 

The set, $2.00 plus parcel post (4 Ibs. to 
your zone). 

Order directly from and make checks 

payable to 


HARVARD COLLEGE 
OBSERVATORY 


Cambridge 38, Massachusetts 




















THE NEW 6-INCH 


MAGNUSSON TELESCOPE 


Complete with — 
®@ Clock drive 
® Setting circles 


@ Heavy-duty mounting 
© Slow motion 
® and other accessories 
Parts are sold separately. Write for prices. 


0. MAGNUSSON 


14570 W. 52nd Ave., Arvada, Colorado 











day period, roughly centered at the date 
of opposition to the sun. But the phe- 
nomenon is quite variable, and not 
enough is known about it to predict its 
occurrence. Therefore, observations of its 
appearance and disappearance are im- 
portant. For this purpose, compare sur- 
face features seen through yellow and 
(lo, 21, 25) with detail ob- 
(38A, 39, 


red filters 
servable through blue filters 
47B, 48A). 

Filters can also disclose daily changes 
in the Martian atmosphere near the poles. 
\ polar hood of haze is seen to vary in 


extent and density from night to night 
but is detected only in blue and green 
light. Red light apparently penetrates thc 
hood and clearly shows the surface mark 
ings beneath. These facts have been veri 
fied photographically as well as visually. 
For those who wish to try filter pho 
tography of the planets, the followin; 
are recommended emulsion-filter combi 
nations: red light, 103-E, 29F; yellow 
light, 103-G, 12; blue light, 103-O, 47. 
CHARLES F. CAPEN, JR 
New Mexico College of Agriculture 
and Mechanic Arts 





PHASES OF VENUS 

Observers of Venus have often noticed 
that the actual phase of that planet de- 
parts from prediction. When Venus is in 
the morning sky, near the time of greatest 
western elongation, its waxing disk be- 
comes half illuminated as much as a week 
later than the predicted time. In the 
evening sky, the planet attains this phase 
(dichotomy) earlier than would be ex- 


gram reproduced here. The horizontal 
scale is the phase of Venus (illuminated 
fraction of the apparent disk) as given by 
ephemerides; the vertical scale is the dif- 
ference: observed phase minus theoretical 
phase. 

Evidently the phase anomalies are not 
limited to the time of dichotomy (marked 
by a vertical line). Instead, Venus as a 
crescent in general appears broader than 





Deviations of the phase 
of Venus from theory, 
after N. N. Michelson 














and V. N. Petrov. From 

the book “Planets and 

Their Observation,” by 
V. A. Bronshtein. 
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THEORETICAL 
pected. These anomalies have been ex- 
tensively observed by members of the 
Association of Lunar and Planetary Ob- 
servers and of the British Astronomical 
\ssociation. 

An important discussion of this phe- 
nomenon has appeared in a recent Rus- 
sian book by V. A. Bronshtein, Planets 
and Their Observation. He summarizes 
work by two Russian amateurs, N. N. 
Michelson and V. N. Petrov, who meas- 
ured a large number of drawings of Ve- 


nus. Their results are shown in the dia- 


JUNE 6-7 AURORA 


A bright aurora’ was 
seen at widely scattered 
places on the night of 
June 6-7. Reports were 
received from Manson, 
Iowa; Kingsport, Ten- 
nessee; Pittsburgh, 
Pennsylvania; Schenec- 
tady, New York; Chica- 
go, Illinois; and New- 
port, Rhode Island. 
This photograph was 
taken at Pittsburgh by 
W. A. Feibelman, just 
when the display had its 
maximum intensity, at 
midnight daylight sav- 
ing time. 
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PHASE 


expected, and the gibbous planet nar- 
rower than predicted. Here is an effect 
worthy of further attention from amateur 
observers. 

The Bronshtein text contains 
other suggestions for the advanced ama- 
teur who is interested in planetary work. 
It is in the Russian language, having been 
published at Moscow in 1957 by the 
State Publishing House of Technical 
Theoretical Literature. This little volume 
of some 200 pages deserves translation in- 


many 


to English. 
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The 4 Inch DYNASCOPE Reflector 


Reg. U. S. Pat. Off. 
At an unbelievably low price! , 
06> += 


FEATURES: 


4-inch Parabolic Mirror 
Aluminized plus Zircon 
Quartz layer 


3 Eyepieces—(1) 65X Huygens 
(2) 130X — 167X Achromatic 
Ramsdens 


Rack & Pinion Focusing 


4-Power Achromatic 
Finder Scope 






FOR ONLY 


4-point Tube Suspension j 


ey F.O.B. Hartford, Conn. 
Shipping Weight 16 Ibs. 
Express Charges Collect 


New Improved Combi- 
nation Equatorial and 
Altazimuth Mount 
With Free-Moving 
Polar Axis. 


Bakelite 
Tube 


Tripod with 
Hardwood Folding Legs 


@ NOW YOU CAN HAVE A REFLECTING TELESCOPE 
OF EXCELLENT CALIBER FOR ACCURATE 
ASTRONOMICAL OBSERVATION! 


Manufacturers and Distributors of Optical Instruments 


THE CRITERION MANUFACTURING COMPANY 


Dept. STD50 * 331 Church Street - Hartford 1, Connecticut 
Telerhone: CHapel 7-1696 * Cable Address: CRICO 


Criterion’s Complete, Superior 
Telescope For Serious Astronomers 


e With New Combination Mount And Free-Moving Polar Axis 
e A Parabolic Mirror! ¢ 4-Power Finder! ¢ Folding Tripod! 
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e 3 Achromatic Eyepieces, 65X - 130X - 167X 


@ You will be truly amazed at the scientific accuracy and technical 


engineering built into this complete reflecting telescope. If you were to purchase 
the parts and assemble them yourself, you would spend much more than 

the unheard of low price of this precision instrument. And in building your 
own telescope you could never hope to attain the accuracy and co-ordination 


of parts which have been engineered into the Dynascope. 


@ The high resolving power of the parabolic mirror produces exquisite 


definition which clearly separates such celestial phenomena as double 
stars. The 4-inch mirror gathers 3 more light than a 3¥2-inch 
mirror. The Dynascope parabolic mirror is aluminized and then 
coated with a layer of zircon quartz for maximum protection and 
lasting use. A parabolic mirror of such quality has previously been 
obtainable only in high-priced instruments. 


@ he Dynascope assembly includes everything—there is 
absolutely nothing else to buy. There are no added charges 
for extra eyepieces—or a view finder. 


@ The tripod with hardwood folding legs is fitted with position 
locks for absolute stability. Study the list of features and you 
will agree that this unprecedented offer is the most generous 
and all-inclusive you have ever seen anywhere. The usual 
Criterion money-back guarantee applies and, in fact, 

if you can duplicate this instrument for less than twice 

our unheard of low price, your money will be 

refunded at once. With a precision instrument like 

the Dynascope Reflector, production is necessarily 

limited but we can make immediate shipment 

at this time. Send check or money order now 

with full guarantee of satisfaction. 


@ THE ONLY TELESCOPE AVAILABLE FOR UNDER 
$75. WITH A PARABOLIC MIRROR, RACK & 
PINION FOCUS, AND 3 ACHROMATIC EYEPIECES! 


August, 1958, Sky AND TELESCOPE 







521 


























Further your astronomical 

















enjoyment with these 


—Shy PUBLICATIONS — 





Again Available! 


COELI 1950.0. 


galaxies in Coma Berenices and Virgo. 
plotted! 


date. 
Flamsteed-number designations of the stars. 


Also new: 
Field Edition ATLAS OF THE HEAVENS 


the Messier Catalogue and many useful tables. 


DeLuxe ATLAS OF THE HEAVENS 


by A. Becvar and his coworkers 
at the Skalnate Pleso Observatory, Czechoslovakia 


A striking advance in star atlases has been achieved in Antonin Becvar’s new and improved ATLAS 
It is handsomely printed in many colors: blue for the Milky Way, yellow for star clusters, 
red for galaxies; also green for planetaries and diffuse nebulae, with gray for dark nebulosities. 

This use of color brings out dramatically such important astronomical facts as the concentration of 
star clusters along the Milky Way, the association of dark and bright nebulosity, and the rich cloud of 
Another new feature 


More than 35,000 celestial objects are shown on 16 charts covering the entire sky. 
faint as magnitude 7.75 are included, and the data on variable and double stars have been brought up to 
Amateur and professional astronomers alike will welcome the addition of all the Bayer-letter and 


Now the ATLAS OF THE HEAVENS is clothbound, 
a handy flap. A transparent grid aids in reading star positions. 


Order directly from Sky Publishing Corporation, distributors of the 
Skalnate Pleso Atlas of the Heavens for the Western Hemisphere. 


De Luxe Edition ATLAS OF THE HEAVENS ..... 


The field edition, with the same basic maps as the out-of-print original edition, has white stars on a 
black background. Unbound, 16 charts on stiff paper, 12 by 18 inches, ideal for outdoor use. 


Atlas of the Heavens Cataloguve ....................... 
Available in limited quantity, this is the original paper-bound volume by A. Becvar, with positions 
for epoch 1950.0. It lists stars, clusters, globulars, nebulae, planetaries and galaxies; also includes 


New Edition in Five Colors! 


over a hundred cosmic radio sources are 


All stars to as 


162 by 23 inches over-all, with the colored key on 


$9.75 postpaid 


$5.25 postpaid 


$5.00 postpaid 











A magazine on man’s greatest adventure! 


Here is a popular yet authoritative magazine 
on rockets, astronautics, and space-travel as- 
tronomy, written especially for the layman, and 
edited by members of the British Interplanetary 
Society. Leading authorities provide a compre- 
hensive coverage of all the fields of science that 
play such an important part in this thrilling ad- 
venture of mankind. Rocketry, space medicine, 
atomic fuels, radar controls, the exploration of 
the planets, are all treated in nontechnical 
language. 

In 1958 Spaceflight is being printed during January, 
April, July, and October; in 1959 it will be published 
every other month. Be sure to specify the issue with 


which your subscription should start. Back issues to 
Vo!. 1, No. 1, October, 1956, are available. 


Subscription in United States and possessions, Canada, 
Mexico, and Central and South America: $2.50, four 
issues; $4.50, eight issues; $6.00, twelve issues. Single 
sample copy, 75 cents. 


All items sent postpaid. Please enclose 


MAKING YOUR OWN 


TELESCOPE 
by Allyn J. Thompson 


Tens of thousands of amateurs are using this basic 
book on telescope making. Here are complete step-by- 
step directions for making and mounting your own 6- 
inch reflecting telescope at low cost. This telescope 
can use magnifications up to 300 times. In easy-to- 
understand chapters, you will learn how to grind, 
polish, and figure the mirror, and how to make an 
equatorial mount that will provide a sturdy, solid sup- 
port for your mirror. 


211 pages, 104 illustrations (5th printing)... .$4.00 


THE HISTORY OF THE 
TELESCOPE 
by Henry C. King 
The first book to tell the full story of the evolution 
of the telescope. 456 pages, 196 illustrations, extensive 


references. New price, $9.75 


your check or money order payable to 


SKY PUBLISHING CORPORATION 


Harvard College Observatory 


Cambridge 38, Massachusetts 


For the sky-gazer: 


Norton's STAR ATLAS 


This famous star atlas and reference handbook is par- 
ticularly suited for amateurs and students who desire 
sky charts in book form. It covers the whole heavens 
sowing over 9,000 stars to magnitude 613, nebulae, 
and clusters. There are descriptive lists of 500 interest 
ing objects for viewing with small telescopes, and useful 
data are given for observers of the sun, moon, and 
planets. $5.25 


POPULAR STAR ATLAS 


This compact, well-bound set of 16 maps is a simpler 
version of the Norton’s Star Atlas described above. All 
stars down to magnitude 51/2 are included. This edition 
is excellent for field use by constellation study groups 
and by meteor parties. $2.00 


By special arrangement with the publishers in Great 
Britain, Sky Publishing Corporation has become the 
exclusive Western Hemisphere distributor of these two 
popular star atlases. 


Elger's MAP OF THE MOON 


The chart of the moon itself is 18 inches high by 171/2 
inches wide and identifies all the important lunar fea- 
tures. Below the map are notes by H. P. Wilkins on 
146 of the more interesting areas. Printed on a sheet 
of paper 30 by 191 inc’es and mounted on heavy 
canvas, the map is ideal for framing. $3.00 


MOON SETS 


18 pictures, showing the entire visible face of the moon, 
are made from unsurpassed Lick Observatory negatives 
of the first and last quarters. Each halftone print is 
81/2 by 1134 inches. Key charts supplied. $3.00 per set 


LUNAR CRESCENT SETS 


10 pictures are a matching series to Moon Sets, but for 
the waxing crescent 41/2 days after new moon, and the 
waning crescent about five days before new moon. Four 
prints are closeups of the waxing crescent, four of the 
waning; two show each crescent as a whole. 

$2.50 per set 


SKY SETS | 


24 pictures of objects in the solar system and in the 
Milky Way, all celestial wonders of interest and beauty. 
Each halftone print is 8/2 by 1134 inches. Separate 
sheet of captions included. Suitable for study or fram- 
ing for exhibition. $4.00 per set 


SKY SETS Il 


24 pictures of nebulae in our galaxy, portraits of other 
galaxies, many made with the 200-inch telescope, and 
four drawings of the 200-inch telescope by Russell W. 
Porter. Sheet of captions included. $4.00 per set 


OTHER SKY PUBLICATIONS 


LUNAR MAP. In two colors and over 10 inches in 
diameter. 25 cents each; 3 or more, 20 cents each 


SPLENDORS OF THE SKY. 36-page picture booklet of our 
neighbors, near and distant, in the universe. 75c 


RELATIVITY AND ITS ASTRONOMICAL IMPLICATIONS, by 
Dr. Philipp Frank. 75c 


HOW TO BUILD A QUARTZ MONOCHROMATOR for Ob- 
serving Prominences on the Sun, by Richard B. 
Dunn. 50c 


THE STORY OF COSMIC RAYS, by Dr. W. F. G. Swann, 
Bartol Research Foundation. 75c 


SKY AND TELESCOPE BACK ISSUES 


Unless otherwise specified, the previous numbers of 
Sky and Telescope to which references are made in 
articles and departments are available at 50 cents per 
copy. Since January, 1955, only the issues of January, 
February, October, and November, 1956, and that of 
January, 1957, are out of print. Many issues before 
January, 1955, are available; write for information on 
particular copies. 

A few bound sets of Vol. XV (November, 1955, to 
October, 1956) and Vol. XVI (November, 1956, to Octo- 
ber, 1957) are available, in blue library buckram, at 
$12.50 each volume, while the supply lasts. 
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UW BOOKS AND THE SKY ® 


rTHEORETICAL ASTROPHYSICS 


y. A. Ambartsumyan, editor. 
Press, New York, 1958. 645 pages. 


Pergamon 
$22.50. 


OME YEARS AGO there was a per- 
S sistent rumor of a Russian text on 
theoretical astrophysics written by V. A. 
\mbarzumian. This book was revised and 
rewritten in 1952, appeared in German, 
and now has been translated into Eng- 
lish by J. B. Sykes. It gives a very exten- 
sive summary of the Russian contributions 
to astrophysics, and for that reason alone 
is valuable, particularly to those of us 
unfamiliar with Slavic languages. The 
reader with a thorough background in 
classical and atomic physics will be able 
to read the entire volume with profit. 

Chis is the standard text for Russian 
graduate students in astrophysics. They 
evidently come to the subject with a good 
background physics and mathematics, 
equivalent to that obtained in an under- 
eraduate major in a first-rate physics de- 
partment. 

The first two-thirds of the book, writ- 
ten by E. R. Mustel, deals with the sun 
and stellar atmospheres. The transfer 
equation is treated mostly from the point 
of view of the Eddington approximation, 
little use being made of exponential 
integral functions. Ambarzumian’s own 
powerful principle of invariance is not 
presented until Chapter 33. Chapter 8, 
which discusses the validity of the ap- 
proximations of thermodynamic equilib- 
rium and Mustel’s method of handling 
the nongray stellar atmosphere, deserves 
special mention. 

The formation of the Fraunhofer lines 
is treated in Part II, where we read, ““The 
assumption that the chief mechanism 
which determines the formation of ab- 
sorption lines is the scattering of radia- 
tion is confirmed by observations and 
more detailed analysis of conditions ex- 
isting in stellar atmospheres.” The old 
argument about the nondisappearance of 
the Fraunhofer lines at the limb is cited 
as proof of the mechanism of scattering. 
No mention is made of the alternative 
hypothesis that there is a sharp tempera- 
ture drop near the surface of the sun 
(extreme deviations from the gray-body 
temperature distribution near the surface 
as a consequence of the blanketing effect), 
nor of the fact, well established by high- 
dispersion spectrograms of the sun taken 
under conditions of good seeing, that the 
centers of the strong Fraunhofer lines are 
all formed in the chromosphere. 

But the theoretical work on the tem- 
perature distribution in the upper photo- 
sphere, particularly by K. H. Bohm at 
Kiel, and the studies of the center-to- 
limb variations of the cores of strong 
Fraunhofer lines at the McMath-Hulbert 
Observatory, demonstrate that the mecha- 
nism of absorption appears capable of 
explaining the observed behavior of the 


dark-line spectrum of the sun. Scattering 
may exist, but the so-called proofs that 
true absorption does not occur in the 
dark lines are not convincing. At the 
present time this question is unsettled. 

Chapter 18, devoted to solar electrody- 
namics, introduces a subject that is certain 

play an ever-increasing role in theo- 
retical astrophysics. The nature of the 
boundary conditions makes the problems 
of extraordinary difficulty, and few quan- 
titative results have been attained. There 
is an extensive and stimulating discussion 
of the outer layers of the sun, the field 
in which Shklovsky, Vyazanitsyn, and 
Severny have made important contribu- 
tions. However, the reader familiar with 
the literature of the chromosphere and 
corona will find a number of important 
subjects and points of view treated rather 
inadequately or not at all. 

There are three chapters devoted to 
planetary nebulae. Although the theory 
of radiation pressure is discussed, there 
is no mention of Olin Wilson’s funda- 
mental observations on the kinematics of 
these objects. The discussion of novae ap- 
pears to be adequate, the section on 
bright-line stars contains much valuable 
material, and the brief account of stellar 
associations is well done. The reviewer 
regrets the brevity of the section on inter- 
stellar matter, where he is surprised to 
read that the 21-cm. line was detected by 
Ewen and Purcell in Australia. 

The section on stellar interiors is per- 
haps the most controversial part of the 
book. The treatment postulates homo- 
geneous stars and asserts that “there is 
no reason to suppose that the chemical 
composition inside the stars differs mark- 
edly from the composition of stellar at- 
mospheres, since there is strong mixing.” 
Further on we read that “contemporary 
theory has not yet given a satisfactory ex- 
planation of the sources of energy in 
giant stars.” 

Shell-source models for giant stars and 
the whole modern theory of stellar evolu- 
tion based on them are not mentioned. A 
model of the sun is presented, using the 
carbon cycle, since the proton-proton re- 
action as described in the text is inade- 
quate to supply the requisite amount of 
energy. 

On the observational side of the pic- 
ture, the assertions are made that the 
luminosity of a subdwarf is a known func- 
tion of its mass and radius and that the 
luminosity of a giant shows a well-defined 
dependence on its mass. 

If Theoretical Astrophysics appears 
provincial in spots or even downright 
biased, one must remember that this de- 
fect is no monopoly of the Russians. If 
they appear at times to have neglected 
western viewpoints and contributions, we 
of the West have sometimes overlooked 
Russian work. This neglect was not in- 
tentional; it is the result of a language 


Star Atlases for Satellite Tracking 
and Books on Astronomy 


BONNER DURCHMUSTERUNG..... 





$100.00 


Webb’s ATLAS OF THE STARS.... $6.50 
SKALNATE PLESO ATLAS. $5.25 
Norton’s STAR ATLAS $5.25 


AMATEUR ASTRONOMER’S 
HANDBOOK, by J. B. Sidgwick....$12.50 
OBSERVATIONAL ASTRONOMY FOR 
AMATEURS, by J. B. Sidgwick....$10.00 
New: THE — JUPITER, 





by B 
New: HOW TO J E 

TELESCOPE, ‘by J. Texerau $3.50 
New: THEORETICAL ASTROPHYSICS, 

by V. A. Ambartsumyan................ $22.5) 
THE MOON, by Wilkins and Moore..$12.00 
Elger’s MAP OF THE MOON.............. $2.00 


Write for free list. Out-of-print books located in 
a special service. Books on telescope making and 
optical glass working. All books advertised and 
ce el in Sky and Telescope. 


HERBERT A. LUFT 


69-11 229th St., Oakland Gardens 64, N. Y. 











Astronomy Films 


16-mm. sound, 400-foot reels 
I THE SUN; II THE MOON; 
III SOLAR SYSTEM; IV MILKY WAY; 
V EXTERIOR GALAXIES. 


2x2 SLIDES 


35-mm. STRIPS OF SLIDES 


THROUGH 200-INCH AND 
OTHER GREAT TELESCOPES 
Catalogues on request. 


International 


Screen Organization 
1445 18th Ave. North, St. Petersburg 4, Fla. 

















ARE YOU KEEPING STEP? 


We are now in the space age — things 
are happening. Are you right up to 
date? You can be with these new books. 


SATELLITES AND SPACEFLIGHT 


What was science fiction a few months ago 
now comes into the field of space reality. 
Written by the experienced pen of Eric ee 


ONCE ROUND THE SUN 


The exciting story of the International Geo- 
physical Year. Glimpse the 55 participating 
nations. Exciting, enjoyable, enlightening read- 
ing. By Ronald Fraser. $3.95 


THE INNER METAGALAXY 
Really a space roundup. Read the review of 
this book in the April issue of Sky and Tele- 
scope. By Dr. Harlow Shapley. $6.75 

THE PLANET JUPITER 


The first book wholly devoted to this planet, 
surveying the accumulated knowledge about 
Jupiter. By Bertrand M. Peek. $8.50 


Below are two books that have already been 
sold out. A new stock of each is on order, 
but indications are that these will also go 
quickly. We will fill your order as soon as 
these books are received. 


GUIDE TO MARS 


‘‘A smoothly written account of Mars for the 
amateur astronomer and general reader.’ 
Sky and Telescope. By Patrick Moore. $2.75 


THE PLANET VENUS 


The only modern book devoted entirely to 
Venus. By Patrick Moore. $3.00 


You will want all of these exciting new books. 
Send your order today. 


A new catalogue is yours for the asking. 


ASTRONOMY CHARTED 


33 Winfield St., Worcester 10, Mass., U. S. A. 
Phone: PL 5-6992 
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barrier. We owe a debt of gratitude to 
the translator for breaking through this 
barricade to bring us the fundamental 
contribution of Ambarzumian and_ his 
colleagues in their own words. 
LAWRENCE H. ALLER 


University of Michigan Observatory 


THE PRESENT AND FUTURE 
OF THE TELESCOPE OF 
MODERATE SIZE 


Frank Bradshaw Wood, editor. University 
of Pennsylvania Press, Philadelphia, 1958. 
219 pages. $5.00. 


ELECTED HIGHLIGHTS in the fields 

of photometry, astrometry, and spec- 
troscopy are presented in this collection 
of 14 papers originally delivered at a 
symposium held in connection with the 
June, 1956, dedication of the Flower and 
Cook Observatory, University of Pennsyl- 
vania (Sky and Telescope, September, 
1956, page 480). 

By “telescope of moderate size” is meant 
one between 12 and 40 inches aperture, 
although researches with instruments from 
2} to 82 inches are reported. The scope 
of the book is more ambitious than the 
title suggests, for much of the subject 
matter applies to larger telescopes as well. 
Nor is this a compendium of the uses of 
moderate-sized telescopes; rather, it gives 
a few well-chosen and stimulating appli- 
cations. Special-purpose instruments such 
as solar telescopes are not considered. 


Underlining the importance of elec- 
tronic techniques in astronomy, most of 
this book forms a useful wide-range sup- 
plement to Astronomical Photoelectric 
Photometry (1953), also edited by F. B. 
Wood. Among the electronic develop- 
ments now described, photoelectric image- 
forming devices promise, for the near 
future, a considerable gain in telescope 
eficiency in many applications by em- 
ploying the most advanced photon de- 
tectors available. A. Lallemand has used 
photocathodes with electron optics and 
electron-sensitive plates for image storage, 
to surpass greatly the speed of ordinary 
photography. But we still need a_prac- 
tical system for image conversion that 
can be applied in a routine fashion. 

Here and elsewhere there has been an 
unfortunate tendency to describe antici- 
pated improvements in terms of telescope 
size, for example, “‘such-and-such a device 
will allow a 20-inch telescope to reach the 
limiting magnitude of the 200-inch.”” Not 
properly qualified, such statements can 
be misleading. 

Apropos the application of small tele- 
scopes to photoelectric problems, G. E. 
Kron uses an apt simile — “If the large 
telescopes are like Percherons, then the 
small telescopes must be like race horses. 
For best performance, they must be care- 
fully groomed and cared for. .. .” Two 
papers on photoelectric photometry indi- 
cate how automation in obtaining and 
processing data provides some of this 


grooming. Two systems are described for 
recording photoelectric data in a fori 
suitable for analysis by modern compui. 
ing machines. Photometrists are now ex- 
ploiting these machines, used so effectively 
in some other astronomical applications. 

A completely automatic system, whici 
could carry out a photoelectric observing 
program from telescope setting to the 
final results in printed form, apparently 
is within our present technological capa- 
bilities. Automation is already a feature 
of instruments used in high-altitude bal- 
loons, rockets, and satellites. 

Modern infrared techniques in pho- 
tometry are dealt with, as well as photo- 
electric studies of scintillation. The latter 
not only provide unique information 
about the upper atmosphere, but have 
considerable practical importance for the 
many astronomers who cannot send equip- 
ment into space. 

Further chapters are concerned with 
astrometry, a field in which small and 
moderate-sized telescopes are still untri- 
valed. B. S. Whitney points out the great 
importance of continuing photographic 
observations of variable stars with modest 
equipment; in no field is continuity of 
observation more important. The large 
amount of spectrographic werk still to be 
done with instruments of « wut 40-inch 
aperture is stressed by D. B. McLaughlin. 

ARTHUR A. HOAG 
U. S. Naval Observatory 
Flagstaff Station 








ASTROLA Reflecting Telescopes 
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New De Luxe Model "B" 8-inch 


circles, and 3 oculars (85x, 210x, 360x). 





ASTROLA, /7, 
complete with rotating tube, clock drive, setting 





ASTROLA MODEL “A”, 6-inch, f/8 ............. 
ASTROLA MODEL “B”, 8-inch, f/7 ..........-+ 
ASTROLA MODEL “C”, 10-inch, f/7 ........... 
These instruments are fully portable, with hand-figured Ve-wave optics, all castings of virgin 
aluminum, finest fiberglass tube by W. R. Parks, high-quality aluminizing by Pancro Mirrors, 
three of the finest orthoscopic oculars, achromatic finder, and so forth. America’s finest 
reflecting telescopes guaranteed to reach all theoretical limits of definition and resolution. 


AMERICAN MADE 
NOW AVAILABLE NATIONALLY ON EASY TIME PAYMENTS 


Write for further information. 


SOME FIRSTS FOR CAVE OPTICAL COMPANY — 


1. Several years ago we were the FIRST to manufacture and sell nationally high-quality 
reflecting telescopes larger than four inches in aperture at really low prices. There is 
still no substitute telescope to equal ASTROLA in its price class and aperture. 

2. ASTROLA was FIRST with a fine low-priced electric clock drive. 

3. Two years ago, the 122-inch observatory, permanent ASTROLA was introduced — the 
FIRST large scope with electric slow motions in both co-ordinates priced at less than 
half of competitive models, only $1,500.00 complete. 

Why be disappointed during the coming Mars opposition? 


Order only ASTROLA Reflecting Telescopes. 


Standard De Luxe 
pcveiswsesascdeugoeeessedireces $295.00 $475.00 
Sipcintiiwcocsecncaie nceaiee $375.00 $575.00 
succes eesceakusevenpeleieeee $475.00 $725.00 


We specialize in offering new pyrex mirrors and diagonals, or in 
refiguring your present mirror. See previous ads for prices. 


All prices f.0.b. our plant, Long Beach, Calif., and subject to change without notice. 


Send for catalogue. 


CAVE OPTICAL COMPANY 





4137 E. Anaheim St., Long Beach 4, Calif. 


Full price including packing and crating. ..$575 
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NEW BOOKS RECEIVED 


LA PHOTOGRAPHIE ASTRONOMIQUE, Gerard 
de Vaucouleurs, 1958, Editions Albin Michel, 
22 Rue Huyghens, Paris 14, France. 128 
pages. 690 fr, paper bound. 

[he history of astronomical photography, 
from the first daguerreotype of the moon 
taken 120 years ago to the latest image- 
converter techniques, is told by a leading 
French astronomer, now at Harvard. 
OrHER Wor.tps IN Space, Terry Maloney, 
1958, Sterling. 128 pages. $2.95. 

The author gives an easy-to-understand 
account of our neighbor planets, and accom- 
panies his text with some imaginative color 
paintings and drawings. 

STRUCTURE AND EVOLUTION OF THE STARS, 
Martin Schwarzschild, 1958, Princeton Uni- 
versity Press. 296 pages. $6.00. 

An outstanding Princeton astrophysicist 
presents a technical account of present 
knowledge concerning stellar interiors and 
evolution. He summarizes the enormous 
growth of these subjects since nuclear physics 
was introduced into astronomy about a 
decade ago. 

FRONTIERS IN ScIENCE, Edward Hutchings, 
Jr., editor, 1958, Basic Books. 362 pages. 
$6.00. 

Among 35 popularly written essays on 

present-day scientific research are seven deal- 
ing with astronomy. Such fields as cosmic 
rays, the life cycles of stars, and the size of 
the universe, are treated. The contributors 
include leading biologists, physicists, and 
astronomers. 
COMPARISON OF THE LARGE-SCALE STRUC- 
TURE OF THE GALACTIC SYSTEM WITH THAT 
or OTHER STELLAR Systems, N. G. Roman, 
editor, 1958, Cambridge University Press. 
72 pages. $3.00. 

This volume is a report of the fifth of the 
International Astronomical Union’s 1955 
symposia. It gives the English text of 16 
papers presented at the meeting in Dublin, 
on the general theme of optical and radio 
studies of our own and other galaxies. The 
Magellanic Clouds, supernovae, spiral struc- 
ture, and multiple galaxies are among the 
topics treated. The book also contains some 
material not given at Dublin. 

1001 Questions ANSWERED AsoutT As- 
TRONOMY, James S. Pickering, 1958, Dodd, 
Mead. 420 pages. $6.00. 

Beginning with “What is the sun?” the 
amateur will find 1,048 other questions and 
answers on astronomy in the 15 sections of 
this book. There are many short biographies. 
PLANETARY CO-ORDINATES FOR THE YEARS 
1960-1980, 1958, Her Majesty’s Stationery 
Office, York House, Kingsway, London W. C. 
2, England. 160 pages. £1 10s. 

Heliocentric longitudes and latitudes of 
the planets from Mercury through Pluto are 
listed to 0.001 degree for the years 1960 to 
1980, together with rectangular co-ordinates 
and similar data. The tables, prepared by 
H. M. Nautical Almanac Office, are particu- 
larly intended for computers of the pertur- 
bations of asteroids and comets. An appendix 
contains formulae and other data for calcu- 
lators. 

In arrangement, the volume closely re- 
sembles its two predecessors, published in 
1933 and 1939, containing planetary posi- 
tions for 1800-1940 and 1940-1960. The 
series has many less technical uses, for ex- 
ample, in the construction of scale diagrams 
of planetary orbits. 


A HAnpsBook oF Space Fiicut, Wayne 
Proell and Norman J. Bowman, 1958, Pera- 
stadion Press, 10630 S. St. Louis Ave., Chi- 
cago 43, Ill. 458 pages. $8.00. 

This second edition is a substantial re- 
vision of the 1950 version; the number of 
pages is more than doubled and the scope 
has been expanded. In tabular and graphic 
form, the book provides data on such diverse 
fields as properties of materials, physical con- 
stants, the earth’s atmosphere, albedos of the 
planets, rocket fuels, and radiation shields. 
A glossary of rocketry and astronautics terms 
is included, together with long lists of 
references. 


Tue RussIAN LITERATURE OF SATELLITES, 
Part I, 1958, International Physical Index, 
Inc., 1909 Park Ave., New York 35, N. Y. 
181 pages. $10.00, paper bound. 

The Soviet journal Progress in Physical 
Science devoted its September, 1957, issue 
to artificial satellites and astronautics. Six 
of its articles are here made available in 
English translation. Mathematical in char- 
acter, they deal with technical aspects of 
satellite orbit theory, and with the dynamics 
of flight to the moon. 


ATMOSPHERIC ExpLorATIONS, Henry G. 
Houghton, editor, 1958, Wiley. 125 pages. 
$6.50. 

To honor Benjamin Franklin 250 years 
after his birth, the American Academy of 
Arts and Sciences held a symposium on 
atmospheric electricity and the upper atmos- 
phere, subjects in which Franklin was much 
interested. This book contains the five semi- 
technical summaries presented on that occa- 
sion, dealing with such topics as cloud elec- 
trification, lightning, and radio scattering in 
the ionosphere. The Technology Press of 
Massachusetts Institute of Technology is a 
copublisher. 


Tue EXPLORATION OF SPACE BY RADIO, 
R. Hanbury Brown and A. C. B. Lovell, 
1958, Wiley. 207 pages. $6.50. 

Surveying the new field of radio astronomy, 
this book reviews its history, describes its 
techniques and instruments, and discusses its 
uses in studying the sun, moon, meteors, and 
the galaxy. Both authors are radio astrono- 
mers at the University of Manchester, and 
Dr. Lovell is director of its Jodrell Bank 
Experimental Station. 


Concepts oF C1assicAL Optics, John 
Strong, 1958, W. H. Freeman and Co., 660 
Market St., San Francisco 4, Calif. 692 
pages. $9.50. 

A Johns Hopkins physicist describes both 
geometrical and physical optics in a new 
college textbook. He also devotes many 
pages to recent developments in such fields 
as radiation detectors, measuring the velocity 
of light, and fiber optics. 


Or Stars AND MEN, Harlow Shapley, 1958, 
Beacon Press. 157 pages. $3.50. 

The former director of Harvard Observa- 
tory presents his ideas on the place of living 
things in the universe as revealed by modern 
astronomy. 

A Guimwe To Astronomy, Lloyd Mallan, 
1958, Arco. 132 pages. $2.00. 

Another in a growing number of popu- 
larly written astronomy books for the be- 
ginner, this relies mainly on photographs to 
condense the subject into a few pages. A 
six-page picture story gives brief instructions 
for assembling a 3-inch refractor, while a 
similar layout proposes grinding and testing 
a 6-inch mirror. 
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Five dollars. Postpaid. 
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PVE oe EER is 
De Luxe Celestial Globe 


4 No. 740-5. Designed by teaching as- 
tronomers. All stars of the first six 
magnitudes are shown on a pale blue 

* background, the first three magnitudes 
with bright yellow backgrounds. Bright- 
er stars are named, and the constellation 

* boundaries indicated. Declination and 

right-ascension circles in black. Magel- 

lanic Clouds and Milky Way in white, 
with many important star clusters indi- 
cated. Weighted base, movable meridian 

*« with horizon. $67.50 


Write for complete catalogue. 


SCIENCE ASSOCIATES 


Astronomy/Teaching Aids 








* 


Instruments/Weather * 


194 Nassau St., P. O. Box 216, Princeton, N. J. 
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It takes only $12.50 down to own this UNITRON 


Little wonder that the UNITRON 2.4” Altazimuth Re- 
fractor has long been America’s most popular low-priced 
refractor. 


For UNITRON and only UNITRON combines unexcelled 
optical and mechanical performance with exclusive fea- 
tures designed to increase your observing pleasure. As 
an example, take UNIHEX — the Rotary Eyepiece Selector 
which relieves you of the burden of fumbling with eye- 
pieces in the dark. Or, perhaps your observing situation 
may call for the DUETRON Double Eyepiece, the erecting 
prism system, the Astro-Camera 220, or the sun screen. 


Optically speaking, UNITRON Refractors duplicate the 
performance of larger telescopes of other types. Further- 
more, there are no mirror surfaces to become tarnished, 


INSTRUMENT 
204-206 MILK STREET 


no secondary optics to cause diffraction patterns, and no 
folding of the light back on itself with consequent loss of 
definition. It is not surprising that you see more and see 
better with a UNITRON. 

The UNITRON 2.4” Altazimuth Refractor is priced at 
only $125 complete with tripod, sturdy mounting with 
micrometric slow-motion controls, four eyepieces,. carrying 
cases, and accessories. Using our Easy Payment Plan, a 
mere 10% down payment of only $12.50 brings this 
UNITRON to you. 

With interest in astronomy at an all-time high, now is 
the time to treat yourself to a UNITRON. After all, you 
deserve the very best. 


See the back cover. 


DIVISION of UNITED SCIENTIFIC CO. 
BOSTON 9, MASSACHUSETTS 





- UNITRON 


526 Sxy anp TELEscope, August, 1958 














; The Logical Choice for You — a UNITRON Refractor 








MANY Models To Choose From! 


1.6. ALTAZIMUTH ($7.50 Down) $75 
with eyepieces for 78x, 56x, 39x 


2.4” ALTAZIMUTH ($12.50 Down) $125 
with eyepieces for 100x, 72x, 50x, 35x 

2.4’ EQUATORIAL ($22.50 Down) $225 
with eyepieces for 129x, 100x, 72x, 50x, 35x 

3’ ALTAZIMUTH ($26.50 Down) $265 
with eyepieces for 171x, 131x, 96x, 67x, 48x 

3’ EQUATORIAL ($43.50 Down) $435 
with eyepieces for 200x, 131x, 96x, 67x, 48x 

3’ PHOTO-EQUATORIAL ($55.00 Down) $550 


with eyepieces for 200x, 171x, 131x, 96x, 67x, 48x 


4” ALTAZIMUTH ($46.50 Down) with $465 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x 


4” EQUATORIAL ($78.50 Down) with $785 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 


4” PHOTO-EQUATORIAL ($89.00 Down) with $890 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 


$985 


4” EQUATORIAL with clock drive 
($98.50 Down), Model 160V, eyepieces as above 


4” EQUATORIAL with clock drive and metal $1075 
pier ($107.50 Down), Model 166V, eyepieces as above 


4” PHOTO-EQUATORIAL with clock drive and $1175 
Astro-camera ($117.50 Down), with eyepieces 


for 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x 


4” PHOTO-EQUATORIAL with clock drive, pier, $1280 
Astro-camera ($128.00 Down), eyepieces for 375x 
300x, 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x 


6” EQUATORIAL with clock drive, pier, $5125 
2.4’ view finder, with eyepieces for 625x, 500x, 
416x, 357x, 277x, 200x, 138x, 100x, 62x, 42x 


6” PHOTO-EQUATORIAL as above but with $5660 
4’’ guide telescope, illuminated diagonal, 
UNIBALANCE, Astro-camera Model 330 

6” PHOTO-EQUATORIAL as above with $6075 


addition of 3’’ Astrographic Camera Model 80 


To the newcomer and more experienced 
astronomer alike, the choice of “the best" 
telescope is difficult and confusing . . . so 
many makes . . . so many models. An astro- 
nomical telescope must be designed to ob- 
serve "point sources at infinity,"" and hence 
requires a precision optical system for crys- 
tal-clear definition. Optics and mountings 
must be equally precise to track the star or 
planet. One without the other is useless. 
UNITRON's quality is widely known and has 
withstood the test of time. Invest in a 
UNITPON and be certain of combined opti- 
cal and mechanical excellence. 


@ LENSES are FULLY CORRECTED for spherical and 
chromatic aberration and are COATED for maximum bril- 
liance and clarity of image. Optics especially designed 
for astronomical observation. AIR-SPACED OBJECTIVES. 


@ REFRACTOR type of design duplicates the perform- 
ance of larger telescopes of other types. No mirrored 
surfaces to become oxidized. Superior definition to the 
very edge of the field. 


@ EYEPIECES of the HIGHEST QUALITY: Orthoscopic, 
Achromatized Symmetrical, Kellner, Huygens. Three to 
ten eyepieces included with each instrument. 


@ FINEST MATERIALS throughout. DURALUMINUM 
TUBE. Moving parts of BRASS carefully machined to 
close tolerances, and finished in CHROMIUM. No war- 
surplus components used. MODERN DESIGN based on 
time-tested engineering principles. HANDSOME APPEAR- 
ANCE to which no illustration can do justice. 


@ EQUATORIAL MODELS have slow-motion controls for 
both declination and right ascension as well as rapid- 
motion controls. Sturdy TRIPOD (or PIER). 


@ ALTAZIMUTH MODELS have slow-motion controls for 
both altitude and azimuth as well as clamps for both 
co-ordinates. Sturdy TRIPOD. 


@ VIEW FINDER with crosshair eyepiece. 
@ RACK-AND-PINION FOCUSING. 


@ Choice of UNIHEX Rotary Eyepiece Selector or STAR 
DIAGONAL and ERECTING PRISM for TERRESTRIAL OB- 
SERVATION. The same complete range of terrestrial 
magnifications as for celestial observation. 

Higher- and lower-power eyepieces available for 
all models. Prices include basic accessories, tripod 
and mounting, fitted wooden cabinets, and operating 
instructions. Additional accessories available to add 
further to your observing pleasure. 








Telescope Accessories by UNITRON 








UNITRON ACCESSORIES include objective 
lenses, eyepieces, rack-and-pinion focusing mech- 
anisms, sun projecting screens, guide telescopes, 
the UNICLAMP camera brackets, and many other 
components in addition to those listed on this 
page. All are described, illustrated, and priced in 
the new UNITRON Catalog. Since each component 
is used as standard equipment in UNITRON Re- 
fractors themselves, you are assured of obtaining 
the finest quality. 

ASTRO-CAMERA 220: Complete with air-operated cur- 
tain snutter, giving speeds of 1/10 to 1/90 second, bulb 
and time, shutter release, ground-glass back, 3 double 
plateholders for 314° x 414" plates or cut film, a 30- 
mm. f.l. eyepiece, extension tubes and clamps, and a 
fitted wooden cabinet. Model A is designed to fit the 
UNITRON rack and pinion and is for UNITRONS only. 
Model B fits 1%4‘’ eyepiece holders. A or B: 


Only $69.50 postpaid 
1. VIEW FINDER (As illustrated on facing page): 23- 


mm. (.93’’) achromatic objective, 6x eyepiece with 
crosshairs. Chromed brass tube. Mounting brackets with 


centering screws. 
Only $8.50 postpaid 


UNITRON 


2. VIEW FINDER (As used on UNITRON 3” Refrac- 
tors): 30-mm. (1.2’‘) coated achromatic objective and 
8x eyepiece with crosshairs. Other details as in View 


Finder 3. 
Only $10.75 postpaid 


3. VIEW FINDER (As used on UNITRON 4” Models): 
42-mm. (1.6’) coated achromatic air-spaced objective. 
10x eyepiece with crosshairs. Duraluminum tube finished 
in white enamel. Dewcap. Furnished with mounting 
brackets with centering screws for collimation. This 
finder also makes an excellent hand telescope for spec- 
tacular wide-field views of the sky. 


Only $18.00 postpaid 


UNIHEX ROTARY EYEPIECE SELECTOR: The old- 
fashioned method of fumbling with eyepieces in the 
dark has been outmoded by UNIHEX, UNITRON’s new 
Rotary Eyepiece Selector. With UNIHEX, you always 
have 6 magnifications ready at your fingertips. To 
change power, merely rotate a new eyepiece into posi- 
tion while the object stays centered and in focus in 
the field of view. Model A is designed to fit the 
UNITRON rack and pinion and is for UNITRONS only. 
Model B fits 14%4’’ eyepiece holders. Complete with 
special clamping device and cabinet. A or B: 


Only $24.75 postpaid 


INSTRUMENT DIVISION OF 
UNITED SCIENTIFIC COMPANY 


204-206 MILK STREET - BOSTON 9, MASSACHUSETTS 





READ ABOUT THE UNITRON 6" 


Here is an instrument designed in every way to meet 
the exacting requirements of serious astronomical re- 
search — a custom-built telescope in every respect 
except the price tag. UNITRON’s 6” is the logical choice 
for the serious observer and for the school and college 
observatory. There are three basic models to choose 
from. Whether your major interests lie in visual work 
or visual observing and astrophotography, there is a 
UNITRON 6” for you — the INVESTMENT OF A LIFETIME 
FOR A LIFETIME. Write for Bulletin No. 600. 


HOW TO ORDER 


Send check or money order in full or use our Easy Pay- 
ment Plan, as described below. Shipments made express 
collect. Send 20% deposit for C.0.D. shipment. 
UNITRON instruments are fully guaranteed for quality, 
workmanship, and performance, and must meet with 
your approval or your money back. 


Use Our EASY PAYMENT PLAN 


UNITRON’s popular Easy Payment Plan is a convenient 
and economical way to buy your UNITRON Refractor 
when you do not want to disturb your savings or when 
you haven’t the total cost of the telescope immediately 
available. The down payment required is 10%. The 
balance due is payable over a 12-month period, and 
there is a 6% carrying charge on the unpaid balance. 
Your first payment is not due until 30 days after you re- 
ceive the instrument, and if you should want to pay the 
entire balance due at that time, the carrying charge is 
canceled. (6 models available on special plan.) 


There is no ‘‘red tape’’ when you order — you merely 
fill in the UNITRON Easy Payment Order Form, return it 
together with the required down payment, and the model 
of your choice is shipped to you at once. 


Do not hesitate to use this plan merely because you 
have never before purchased anything on time payments. 
The procedure is practically painless and is an ideal 
means of enjoying the use of your UNITRON while pay- 
ing for it. 





This valuable 38-page book 
is yours for the asking! 


With artificial satellites already launched and space 
travel almost a reality, astronomy has become today’s 
fastest growing hobby. Exploring the skies with a tele- 
scope is a relaxing diversion for father and son alike. 
UNITRON’s handbook contains full-page _ illustrated 
articles on astronomy, observing, telescopes and acces- 
sories. It is of interest to both beginners and advanced 
amateurs. 


Contents include — 


Observing the sun, 
moon, planets and 
wonders of the sky 


Constellation map 

Hints for observers 
Glossary of telescope terms 
How to choose a telescope 
Amateur clubs and research 
programs N 


UN/ITRON 


INSTRUMENT DIVISION of UNITED SCIENTIFIC CO 
204-206 MILK STREET * BOSTON 9, MASS 
















Please rush to me, free of charge, UNITRON’s new Observer's 
Guide and Telescope Catalog 20H. 
{ Name 

Street. 
{ City State 
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ONLY 


$85.00 


IF BOUGHT FROM 
THIS AD* 


(Regular Price 
$89.50) 














CONSIDER THESE PROFESSIONAL-TYPE FEATURES 


* 


+ + 


Takes standard 1!4-inch eyepieces 


1s 


finish. Will fit any size tube $8.50 postpaid 
Diagonal holder for above 


Optical system: 4!/4,-inch mirror, f/1l1, spherically corrected 
with surface accurate to !/ wave, aluminized and quartz 
over-coated 

Mounting: Equatorial and adjustable for latitude. Massive 
aluminum castings with l-inch-diameter shafting on both 
axes and Tensalloy bearings. Clamps provide any degree 
of tension desired. Two lock-nuts on saddle permit simple 
removal of tube. All-steel parts chrome plated and carefully 
machined to give maximum rigidity. 

Tube: Seamless aluminum, painted black 
hammer-tone green finish. 

Rack-and-pinion focusing: Accommodates standard 114-inch 
eyepieces 

Finder: 6 power, with achromatic objective, and mounted 
in adjustable bracket 

Pedestal: Heavy-wall steel tube with collapsible legs. 
Guaranteed free from torque and wobble. Design allows 
tube to be swung in any position without bumping into 
legs. Pedestal, mount, and legs painted black crinkle finish. 
Three eyepieces: 50x Kellner, 100x and 200x Ramsdens 


inside, with 


RACK 
AND 
PINION 





Tube 
of chrome plate; body is black crinkle 


..$1.00 postpaid fit any size tube. 


6-POWER ACHROMATIC FINDER 





Clear aperture 13/16 inch with Ramsden 
eyepiece. Bracket is crinkle finish and will 


Ay Se 4 
TELESCOPES .,, 


SPACEK INSTRUMENT CO. 


featuring our 
SPACE K-4 DELUXE 


Latest and most impressive of our SPACE K-SERIES telescopes, 
the SPACE K-4 DELUXE is the most practical 4!4-inch reflector on 
the market for the amateur and professional astronomer. Value 
for value, Spacek Instrument Company matches the lowest price; 
feature for feature, the SPACE K-4 DELUXE is outstanding. 


Precision, performance, and elegant styling have been in- 
corporated in the SPACE K-4 DELUXE to give you one of the finest 
telescopes money can buy. The price is only $89.50 complete with 
three eyepieces—but note the special offer elsewhere in this 
advertisement. 


If you are interested in a telescope that is guaranteed to be 
free from wobble; that handles smoothly in both axes without bind- 
ing when tracking; that really resolves double stars and perceives 
fine lunar and planetary detail; that is engineered to withstand 
rugged handling, and if you insist on getting your money's worth 
.. . then by all means we recommend that you buy our SPACE 
K-4 DELUXE. 


Guaranteed without reservation, our telescopes are sold by 
some of the finest dealers from coast to coast. You are assured of 
receiving American-made merchandise at a considerable saving. 





“A SPECIAL OFFER 


For a limited time only, we will allow a 5% discount from 
the regular price of $89.50 to anyone ordering directly from 
this advertisement. Your cost is $85.00 complete, plus freight 
charges on 45 pounds from Pottstown, Pa. Each telescope is 
carefully packed and crated (no extra charge). Pennsyl- 
vania residents add 3% sales tax. 











MIRROR 
CELLS 





Our finest quality mirror cells. Heavy rib 
design. Will support mirror without distor- 
tion. 6- and 8-inch cells are spring loaded. 
10-inch cell adjusted by means of push- 
pull machine bolts. 


6-inch cell........ $6.50 postpaid 
8-inch cell........$10.50 postpaid 


$7.25 postpaid 10-inch cell........ $19.50 f.0.b. Pottstown 


All prices subject to change. Write for free literature. DEALER INQUIRIES INVITED. 


SPACER INSTRUMENT CO. 
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1130 SEMBLING AVE. 
POTTSTOWN, PA. 
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GLEANINGS FOR ATM’S 


CONDUCTED BY ROBERT E. COX 


THE NEO-BRACHYT REFLECTOR 


FF-AXIS OPTICS make possible an 

ideal form of reflecting telescope for 
amateur use. With diffraction from the 
spider and the diagonal or secondary mir- 
ror eliminated, planetary definition and 
double star separation equal those of the 
best apochromatic refractors. This month 
we report the work of two amateurs who 
have built off-axis telescopes that use 
spherical optics for the two mirror sur- 
faces. 

The design is a modification of the 
brachyt reflector proposed in 1685 by the 
astronomer Johann Zahn. It was brought 
to its present form by Anton Kutter in 
Germany, who in 1953 described it in his 
book Der Schiefspiegler (The Oblique 
Reflector). This neo-brachyt design was 
introduced in this country by G. D. Roth 
and E. L. Pfannenschmidt in the Strolling 
Astronomer’s December, 1952, issue (now 
out of print). 

That article presented a version in 
which the negative astigmatism, inherent 
in this type of design, was eliminated by 
deforming the secondary mirror by pres- 
sure on its rear surface. The newer de- 
sign, following Kutter, removes the astig- 


F. Salomon’s 8-inch neo-brachyt has a 
distinctive mounting, the mirror re- 
placing the usual counterweight. The 
long opening beneath the upper end 
of the secondary’s tube admits the 
oblique cone of light from the pri- 


mary. The observer does not look in 
the same direction as the object, due 
to the inclinations of the mirrors. 


matism with a weak cylindrical lens 
placed a short distance inside the final 
focus. 

Such an instrument has been con- 
structed by F. Salomon, 3 Hechalutz St., 
Haifa, Israel, who writes: 

“I have built an 8-inch off-axis instru- 
ment as described in Der Schiefspiegler. 
Its performance has been compared with 
that of my 8-inch f/10 Newtonian (Sky 
and Telescope, February, 1953, page 110). 

“The new telescope operates at f/20, 
giving an image brightness one quarter 
that of the Newtonian, but faint nebulae 
and clusters appear brighter because the 
sky background is practically black. With 
steady seeing under high powers, images 
of bright stars show two or three closed 
diffraction rings as in a refractor, without 
halo or crosses of diagonal and spider dif- 
fraction. Although the planetary images 
of the off-axis reflector are not crisper 
than those of the Newtonian, the greater 
contrast at low levels of illumination is 
noticeable. 

“The oblique reflector is essentially a 
Cassegrainian, whose secondary is placed 
just out of the path of the light that falls 
on the primary. In instruments smaller 
than about nine inches, both mirrors are 
spherical and inclined to each other, the 
secondary bringing the final focal plane 
to a point away from and well behind the 
primary. One would expect the coma 
caused by the tilt of the mirrors to be less 
the smaller the tilt angle. But Kutter 
found that only a certain fairly large 
angle of tilt (which is easily calculated) 
eliminates coma entirely, though at the 
expense of incurring negative  astig- 
matism. This aberration is then taken 
care of by the weak plano-convex cylin- 
drical lens placed just inside the final 
focus. The regular Cassegrainian formu- 
las still apply, with the separation be- 
tween the two mirrors being equal to 
approximately seven diameters of the 
primary mirror. 

“My convex secondary mirror does not 
have the same radius of curvature as the 
concave primary; it should have been 
fringe-tested against a matching surface. 
A fairly good figure for the secondary was 
obtained, however, by testing it through 
the back of the glass, which was turned 
on the test stand until a position was 
found where striae in the glass did not 
interfere. Colors were neutralized by a 
red filter in front of the pinhole light 
source. 

“For the corrector, I used a simple 
plano-cylindrical spectacle lens of 1} 
diopters, placed 13” inside the focus. The 
exact power does not matter very much, 
since the effect varies with distance from 
the focus. The lens is mounted in a 13” 
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Reg. U.S. Pat. Off. 


Let us give you the same hard aluminum 
coating that we are applving to the Cave 
Astrola mirrors. If your glass is properly 
polished, our coating will give a minimum of 
90% reflection. Will not blister or peel. 
Check or money order, including return post- 
age and insurance (Calif. res. add 4% sales 
tax), will guarantee 8 hours a mee 

Le 


No C.O.D.’s please. Prices f.o.b. 
Ce, See $6.50 10-inch....... $11.25 
Ce $8.50 yo eee $16.00 


PANCRO MIRRORS, INC. 


Research and Production Laboratories 
2958 Los Feliz Blvd., Los Angeles 39, Calif. 











Precision Diagonals 


You will get the best possible per- 
formance from your telescope with one 
of our clear fused quartz diagonals. 
Accuracy guaranteed 1/20 wave. 

$11.00 


Ellipse: 1:26" % 77" Se 
Ellipse 1.5" x 2.12" . . $14.00 
Pyrex diagonals, 1/8 wave accuracy. 
Ellipse 1.25" x 1.77" . $ 5.00 
Ellipse 1.5" x 2.12" $ 8.00 
Aluminum coating $1.00 extra. 


Send for our complete list of supplies, 
quartz mirrors, blanks, oculars, 
coatings, and accessories. 


E& W OPTICAL CO. 


2406 E. Hennepin Ave. 
Minneapolis 13, Minn. 




















UNIVERSAL RACK-AND- 
PINION FOCUSERS 


For reflectors or refractors. 


Take standard 114” diameter eyepieces. Spe- 
cially designed base fits any tube 5” or more in 
diameter. Carefully machined aluminum and 
brass construction permits critical setting. 
Slotted extension tube holds eyepiece firmly 
and gives sufficient working distance for Bar- 
lows. $9.95 postpaid 


MIRROR 
CELLS 


Solid cast alumi- 
num, fully adjust- 
able, painted, com- 
plete and ready to 
use. Shipped post- 
paid. 





6” mirror cell for 7” or larger tube _...... $6.75 
a ‘is 4” rio Sows 8. 
10” bie 114%,” a re 15.95 
ue ss 141,” eo = estes 20.95 


PYREX MIRROR-MAKING KITS 
With new velvet-finishing tools. 


$5.70 postpaid 
- . « 9.50 postpaid 
4 = . . . 12.25 shipped collect 
10” a . « « 21.75 shipped collect 
124” re 41.25 shipped collect 


Kits include five abrasives with our special 
superfine finishing abrasive for superior fine 
grind, selected pitch, cerium oxide, pyrex 
mirror, and velvet-finishing tool (heat resist- 
ant, approximate hardness of pyrex). C.O.D.’s 
accepted. 


4Y%,” diameter . 
” ee 


Write for free catalog. 


NYE OPTICAL CO. 


2100 Cherry Ave., Long Beach 6, Calif. 

















Read This Advertisement 


Here is a combination of a Barlow and a particular ocular which gives outstanding results. 
It consists of our new Barlow and our 16.3-mm. (%” focal length) Erfle eyepiece. While the 
Barlow was not specifically designed to work with this eyepiece, it does so to an astonishing 
degree. All images are sharp and hard to the very edge of the field. 

The Barlow gives magnification up to slightly over three times that of the ocular alone. 
It is achromatic, coated, and mounted to the U. S. standard size of 1.250 inches. 

The modified Ertle eyepiece has a field of 75 degrees with excellent eye relief. The 
combination gives the equivalent focal length of slightly under 6 mm. Many users state it is 
far superior to any shorter focal length ocular of equivalent magnification. 

The Barlow sells for $16.00 postpaid, and the Erfle for $14.75 postpaid. Both are guaran- 
teed to perform as stated above or money refunded. 


ORTHOSCOPIC OCULARS—AIl hard coated, standard 11/4-inch outside diameter. 


ES cecs ics cnavak $15.00 10.5-mm. ...........0000 $16.25 4-mm. .............0. $17.25 
16.3-mm. (Erfle) .... $14.75 «7-0... .seseeseeeeee $17.25 Barlow 3x ........ $16.00 
Warranted to equal or surpass any oculars obtainable 
e escopics anywhere or money refunded. 
1000 North Seward Street focusing devices, aluminizing. 


Los Angeles 38, Calif. Send for catalogue. 














| 
Finished mirrors, mirror kits, spiders, elliptical flats, | 
| 


The latest | 
Spitz MODEL A-2 || 

| | 
PLANETARIUM | 


has been shipped to 


Dickinson College 


Carlisle, Pennsylvania 


* 


Spitz Laboratories 
Inc. 
YORKLYN, DELAWARE 
Phone: CEdar 9-5212 








WHERE QUALITY COUNTS 


Cal-Astro optics are often found at missile launching sites, in aircraft wind tunnels, 
and scientific laboratories — places where quality is all important. 








Cal-Astro's adherence to the principle of furnishing only the finest has, on several 
occasions, led government scientists to specify our optical parts for their critical 
applications. 


This same high quality is now available to the amateur scientist in our new astronomical 
telescopes designed expressly for his use. These instruments will appeal especially to 
those who value performance above price; to those who want outstanding, trouble-free 
performance, year after year. 


Write today for additional information. 


Cal-fds {ro 30 North San Gabriel Blvd. 


Optical Laboratories PASADENA, CALIFORNIA 
Since 1947. Owned and operated by Leland S. Barnes. Dept. |. Phone: Sycamore 2-8843 

















SKYSCOPE 


A 31% ”-diameter, reflecting astronomical tele- 
scope 100% American made. Completely 
mounted. Used by schools and universities for 
over 18 years. Unconditionally guaranteed. 


COMPLETE AS ILLUSTRATED 


$2975 f. 0. b. (Includes heavy, unbreakabie tripod 
Brooklyn and a 60-power eyepiece) 


This is an actual pho- 
tograph taken with 
a Skyscope. Visually, 
the image is clearer 
and sharper than this 
reproduction. 

Write for free, de- 
scriptive brochure 
showing photograph 
of individual parts. 


THE SKYSCOPE CO., INC. profit oe © Y. 
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tube 4” long, which slides in a bushing 
for adjustment. The focusing drawtube 
fits loosely over it, and an opening at 
the end gives access to the sliding tube. 

“Adjustment of the oblique reflector 
was as follows: In daylight the secondary 
mirror was viewed through a long tube, 
inserted in place of the eyepiece, with the 
cylindrical lens removed. ‘The secondary 
was shifted and tilted until it was con- 
centrically opposite the viewing tube and 
showed at the same time the whole pri- 
mary mirror well centered. The primary 
was then tilted so that the secondary 
partially appeared in it, symmetrically 
on the line connecting the centers of 
both mirrors and, hence, partially sil- 
houetted. The cell holding the primary 
mirror should have one of its adjusting 
screws on this central line, and the final 
daytime adjustment consisted of tilting 
the mirror until the secondary image 
just disappeared off the primary. 

“At night I corrected astigmatism by 
viewing a not-too-bright star, such as 
Polaris, through a medium-power eye- 
piece, sliding and turning the cylindrical 
lens until the extrafocal image became 
absolutely round. It should be mentioned 
that traces of astigmatism may reappear 
with stars in other parts of the sky, when 
the eye looks through the eyepiece in a 
position different from that used for the 
adjustment. 

“In this case the fault lies in the ob- 
server’s eye, and during the adjustment 
he must wear glasses that neutralize his 
own astigmatism. With my f/20 instru- 
ment, even medium-focal-length eyepieces 
give plenty of eye relief, so it is never 
necessary to remove glasses while observ- 
ing. 

“After making these adjustments, I still 
found traces of coma, caused by small 
discrepancies between the calculated and 
the actual focal lengths of the optics, as 
well as by inaccuracies in the mounting. 
The coma was eventually remedied by 
tilting the primary farther away from the 
secondary. Had the coma disappeared 
only by tilting the primary toward the 
secondary, silhouetting would have re- 
sulted, and it would have been necessary 
to alter the distance between the two 
mirrors. Naturally, each tilt of a mirror 
requires readjustment of the cylindrical 
lens and the telescope view finder. 

“Some time ago I made a new second- 
ary, and after coma and astigmatism 
were neutralized I found that circular 
images looked slightly egg-shaped. This 
trouble was traced to the difference in 
focal length between the old and new 
secondaries. While this was only some 
14” to 2”, it was enough to upset the re- 
lationship between the angles and the 
distances. Although one particular in- 
clination of the primary gave freedom 
from coma, I was stuck with the distor- 
tion. On the other hand, a primary in- 
clination that gave an image free from 
distortion reintroduced coma. Only after 
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On this scale the whole 


sun would be some 44 inches in 
diameter. The sunspot groups are one-eighth the sun’s diameter 
apart, and on the negative are spaced by 9.5 mm. This print 
represents only about 20% of the 24-x-36-mm. film area. The 


scale is about 1.7 seconds of arc per mm. Note how an atmos- 
pheric heat wave, running from lower center margin to right 
center margin, elongates the granules above the lower sunspot, 
which is about 43 seconds long, 


A 3.5-INCH QUESTAR PHOTOGRAPHS THE 
SOLAR GRANULATIONS FROM SEA LEVEL 


“J think if we assign one year 
rather than another for the birth 
of the youthful science of solar 
physics, it should be 1861, when 
Kirchhoff and Bunsen published 
their memorable research on 
Spectrum Analysis, and when 
Nasmyth observed what he 
called the ‘willow-leaf’ structure 
of the solar surface. Mr. Na- 
smyth, with a very powerful 
reflecting telescope, thought he 
had succeeded in finding what 
these faint mottlings really are 
composed of. e whole 
sun is, according to him, cov- 
ered with huge bodies of most 
definite shape, that of the oblong willow 
leaf, and of enormous but uniform size. .. . 
‘These,’ he says, ‘cover the whole disk of the 
sun (except in the space occupied by the 
spots) in countless millions, and lie crossing 
each other in every imaginable direction.’ ” 

So wrote Prof. Samuel P. Langley in 1891, 
while director of the Allegheny Observatory. 
His drawings of sunspot detail and granular 
structure, made with the 13-inch refractor 
there from 1870 on, are masterpieces of 
visual observation that have well withstood 
the test of time. 

Nowadays the solar granules are ascribed 
to ascending and descending currents of gas 


Drawn by Nasmyth 


in the solar atmosphere. Two 
recent articles in “Sky and Tele- 
scope” describe the problems in- 
volved in taking pictures of the 
granulations. In the May, ’57, 
issue are good pictures taken at 
5,862 feet with a 6.5-inch re- 
fractor, while samples of Jans- 
sen’s work in the 19th century 
are included in the January, ’58, 
issue, as part of an account of 
Project Stratoscope. In the latter 
project a 12-inch quartz-mir- 
rored reflector with automatic 
camera, carried in unmanned 
balloon flights to above 80,000 
feet, took the finest solar pic- 
tures yet obtained. 

From all accounts it appears that tremen- 
dous difficulties are encountered by those who 
wish to see or photograph the granules. Their 
small size of 1 and 2 seconds of arc or less 
calls for unusually fine seeing, such as some 
mountaintops afford because they are above 
a large proportion of our heated air. 

The photograph above was taken at sea 
level on May 25, 1958, at 1 p.m., E.D.T. at 
Sarasota, Florida, by Mr. and Mrs. Ralph 
Davis with their 3.5-inch De Luxe Questar. 
They used exposures of 1/1,000 second with 
35-mm. microfile film in a Hexacon Supreme 
camera body, with eyepiece projection and a 
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green war-surplus filter 40 mm. from the 
film plane. For the sake of fastest possible 
exposures, the patented Questar external fil- 
ter was not used. To avoid heating, the in- 
strument was capped until ready to expose. 
The projected solar image was 3 inches in 
diameter, indicating an effective focal length 
of 330 inches, or 27.5 feet. When you con- 
sider that this is 55 times the 6-inch separa- 
tion between Questar’s lens and mirror, we 
submit that such performance from so small 
an instrument borders on the miraculous. 
The De Luxe Questar sells for $995 as 
shown and $1100 with quartz mirror. Litera- 
ture and time payment plan on request. 


QUESTAR CORPORATION 


New Hope, Pennsylvania 
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I h.d shortened the distance between the 
cenier of the primary and the secondary 
axis by some 3” could I eliminate both 
aberrations at the same time. This me- 
chanical alteration could also have been 
achieved by shifting the whole secondary 
tube along the saddle, provided the eye- 
piece in the drawtube could still reach 
the focus. 

‘The mounting uses the primary mirror 
and its cell as a counterweight, as shown 
in the photograph of the telescope on 
page 529. This results in better stability 
than when all the optics are mounted on 
one side of the polar axis and a counter- 
weight carried on a long shaft.” 


An American instrument of the same 
size has been built by Oscar R. Knab, 
59237 S. Ironwood Rd., South Bend 14, 
Ind., who writes: 


“I had long wanted to own a sizable 


refractor to avoid the diffraction and sil- 
houetting in reflectors that spoil their 
definition. Since a refractor of 6- or 8- 
inch aperture is expensive, I decided 
upon an off-axis reflector. 

“I made a full-sized layout from the 
Strolling Astronomer article, with the 
changes necessary for sending the second- 
ary beam of light down the hollow dec- 
lination axle of my Springfield mount 
(Sky and Telescope, December, 1954, 


page 71). With this type of mounting the 
optical system, which has an effective fo- 





cal length of 160”, is placed in a tube 
only 4’ 6” long. The tube is made from 
1” exterior-grade plywood, with rabbeted 
oak rails and internal stiffener baffles; 
the entire unit is held together with glue 
and brass screws. Cradling the unit at its 
midpoint and balancing with a sliding 
weight on the upper end of the tube has 
permitted me to cut 21” off my mounting 
pedestal. Thus I can sit rather than stand 
while observing. 

“My 8-inch f/12 concave primary and 
4-inch {/24 convex secondary have the 
same radius of curvature, exactly 192”. 
In fact, Leroy Clausing corrected the 
convex surface by interference testing 
against the primary. The distance be- 
tween the mirrors is approximately seven 
times the diameter of the primary. 

“In front of the final focus is a small 
correcting lens that cancels the astig- 
matism; it is a convex cylinder of ordinary 
optical crown glass with a plane back, 
approximately 14 diopters power. It must 
be about 3” to 3” thick to bring the blue 
and yellow color bands to focus in the 
same plane. A local optical shop made 
mine for $3.00. As a lens so near the 
final focus need not be achromatic or 
very accurate, spectacle-lens tolerances are 
permissible except in very large instru- 
ments. 

“I used a standard cell for the 8-inch 
mirror and made adjustable, spring- 
loaded aluminum cells for the 4-inch 


Folding his 8-inch neo- 
brachyt with an extra 
flat and using it as a 
Springfield instrument 
makes observing excep- 
tionally convenient for 
Oscar Knab. Although 
this telescope, with 
three mirrors and a cor- 
recting lens, has many 
optical surfaces, defini- 
tion is superb. The 
theoretical limit of 
resolving power is 
reached in good seeing. 
Note the counter- 
weights, one on a slid- 
ing rod at the upper 
end of the tube, the 
other on the opposite 
side of the mounting 
from the tube. On the 
next page is a diagram 
of this instrument, with 
its design figures. 





up to 12” diameter at $49.50 
| ALUMINIZED 










FIBER- 
GLASS 
TUBES 


Wak 
PARKS 
20942 S. LaSalle 
Torrance, 
Calif. 











From 3” diameter at $4.50 


ASTRONOMICAL MIRRORS 
From 3” diameter at $7.00 
up to 8” diameter at $49.50 


BARLOW LENSES 


Achromatic — Color Corrected 
Mounted to fit 114” mounts................... $18.75 


Mirrors aluminized — Lenses repolished 
Eyepieces — Diagonal Mirrors 
Send for price list. 


H. KISTNER 


Box 74, Wakefield, New York 66, N. Y. 











TRIGARTH 
TURRET 
and 
Eyepiece 
Attachment 
with Rack 
and Pinion 





Just turn the Trigarth Turret and easily im- 
prove the performance of your telescope. It 
holds three eyepieces of standard 144” O.D. 
The Trigarth Turret sells for $15.95 postpaid. 
The Eyepiece Attachment with Rack and Pin- 
ion also takes standard 114” O.D. eyepieces. 
The rack and pinion is machined from solid 
aluminum castings, precisely fitted for smooth 
performance. The main tube is 144” long; 
sliding tube adds 2”; total movement 334”. 
Choice of gray or black crinkle finish. The 
Eyepiece Attachment with Rack and Pinion is 
priced at $15.95 postpaid. 


MIRROR CELLS 


Made of light, sturdy 
aluminum, each is 
ideal for securing the 
mirror to the tube. 
The cells are spring 
adjusted to absorb 
shocks and are cut 
away for ventilation. 
4 —— $7. 
8” — $11.50 ‘ 
10’ — $35.00 k . 
BUILD YOUR OWN TELESCOPE 
Prisms Lenses Eyepieces 
Mirrors ground to your order 
Aluminizing—with Quartz Coating 
Satisfaction Guaranteed 
Write for Free Catalog. Instructions, 10¢. 
GARTH OPTICAL COMPANY 
P. O. Box 991 Springfield 1, Mass. 
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Reflecting Telescope Kits 
Our kits have PYREX mirror blank, PYREX 
tool the same thickness, ample supply of optical 
quality abrasives, fast polishing cerium oxide, 
red rouge and pitch. Packed in metal cans. 


Size Thickness Price 
4" %" $ 6.00 
6” it $10.50 
8” 1p” $18.75 
10” 1%” $33.65 
1242” 2¥e" $59.95 


ADD POSTAGE: st and 2nd postal zones 
from Detroit, add 5%; 3rd and 4th, add 
10%; Sth and 6th, add 15%; 7th and 8th, 
add 20%. Or we will ship C.O.D. 


Send for free catalog of supplies, 
accessories, and refracting telescopes. 


ASHDOWNE BROS. 


18450 Grand River Detroit 23, Michigan 
4449444994 444444444444646444464 








$+++++++ DELUXE PYREX+++++++4 
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TELESCOPE MAKERS 


Everything for the Amateur 
ee A, 5's $4.50 up 


Making 
Thousands of our customers with no special 
training have built powerful precision tele- 
te with our quality supplies, instructions, 
and guidance. 

Send for Complete Instructions, 10c 

ALUMINIZING 
Superior Reflecting Surface. 
Guaranteed not to peel or blister. 


MIRRORS MADE TO ORDER 
MIRRORS TESTED FREE 


























EYEPIECES | PRISMS 
CELLS BINOCULARS 
PRECISION 
TRI-TURRET 


Holds 3 standard 114” 
O.D. eyepieces. Smooth 
turn to grooved notch | 
aligns eyepiece _pre- e 
cisely, ready to focus § 
for various powers. 
Suitable for reflectors 
or refractors. $15.75 | 





ORTHOSCOPIC EYEPIECES 


HIGHEST QUALITY © MADE IN U.S.A. 


Special four-element design, with fluoride- 

coated lenses, gives a wide flat corrected field. 

Standard 14” O.D. — E.F.L. 6-8-12-16-24- 

BRS. sccrninsscstsacoctsseuibcisteapeinssveee Postpaid $15.95 
Write today for FREE Catalog. 


Precision Optical Supply Co. 


1001-H East 163rd St., New York 59, N. Y. 
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secondary and a 3-inch quartz diagonal. 
This flat, which intercepts the beam from 
the secondary and directs it down into 
the Springfield mount, has to be excep- 
tionally good, as it works some distance 
inside the focus. Although both mirrors 
are spherical, they must have better-than- 
average surface smoothness or definition 
will surely suffer. Therefore, John 
McQuaid of Logansport, Indiana, made 
the primary mirror accurate to 1/25 wave 
for me. 

“The photographic image of the moon 
at the final focus is 13” in diameter. The 
visual definition on the moon is excel- 
lent and the absence of secondary diffrac- 
tion is a blessing. On nights of good see- 
ing it is possible to use the highest powers 
without the image breaking down. 

“A certain amount of experience is 
needed to get full performance from a 
neo-brachyt. Like any other compound 
telescope, under high power it is rather 
sensitive to seeing conditions. It is good 
for terrestrial viewing, as there is no sky 
fog from daylight. An 8-inch is rather 
clumsy as a portable instrument, being 
less compact than a Maksutov or a con- 
ventional Cassegrainian.” 

Mr. Knab would like to correspond 
with others interested in neo-brachyt tele- 
scopes, and will be happy to answer any 





questions. 
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The doubled broken line represents the protective box containing the optical 
parts of the Knab telescope. Without folding the ray path, the secondary. focus 
would be 63 inches from the convex secondary, well behind the primary mirror. 








As our two contributors point out, the 
neo-brachyt seems to have much flexibili- 
ty in construction. The Salomon design 
has primary and secondary mirrors of 
unequal radius, and uses a thin spectacle 
lens as a corrector. Mr. Knab makes the 
radius of the secondary the same as that 
of the primary and employs a thick cor- 
recting lens. 

The formulas for angles A: and Az, the 
tilts of the mirrors, are: 

For the primary, sin 2A; = S/E, where 
S is the sum of the radii of the primary 
and secondary mirrors, and E is their 
separation. 

For the secondary, 

(R2/R,’) sin A, 

(r:/1:)° (1/R: + 1/P)’ 
where r; is the radius of the primary mir- 
ror, r: the radius of the secondary, R, the 
radius of curvature of the primary, R: the 
radius of curvature of the secondary, and 
P the distance from the focus of the 
primary to the secondary mirror. 

R. E.C. 


ED. NOTE: Addresses for the authors 
mentioned above are: Anton Kutter, Bi- 
berach a.d. Riss, West Germany; Gunter D. 
Roth, Theodolindenstrasse 6, Munich 9, 
West Germany; E. L. Pfannenschmidt, Gen- 
eral Delivery, Port Arthur, Ontario, Canada. 


sin A; mS 











BARLOW’S TABLES 
The Barlow’s Tables for computing 
that were mentioned in this department 
in June (page 424) can be obtained for 
$3.95 from the Harlem Book Co., 221 
Fourth Ave., New York 3, N. Y. 
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wie LOW-PRICE EYEPIECE 
CX1 >ili- A | RSP A C a) 0 B J EC Tl VY AY 27-mm. E.F.L. Standard Kellner 
design (wide-field) eyepiece offered in 
144” black - anodized aluminum 
ors of mount. Here is an astronomical 
ectacle MOUNTED IN ALUMINUM CELLS f/15 eyepiece at a truly down-to-earth 
is price. (For coated optics add 75 
es the We offer the lowest priced, hand-corrected, precision, American-made astronomical cents. ) $4.50 ppd. 
as. that objective, mounted in a black-anodized aluminum cell. Our reputation has been estab- 
*k cor. lished over the years as the most reliable source of high quality astronomical lenses. ASTRONOMICAL MIRRORS 
-K Cor y 8 q y 
These mirrors are of the highest quality, polished to 
Y4-wave accuracy. They are aluminized, and have a 
A., the “Those in the know” BUY FROM US BECAUSE: silicon-monoxide protective coating. You will be 
is pleased with their performance. 
' I db q 4 ' Pie b Th Diam. F.L. Postpaid 
7 Each lens is thoroughly tested by us and is guaranteed to resolve two seconds of arc or better. ey are Plate Glas: 3.3/16” 42” 9.75 
where corrected for the C and F lines (secondary chromatic aberration). The zonal spherical aberration and Aaeoad ies 4,” 45” + 
“imary the chromatic variation of spherical aberration are negligible. The cell is machined to close tolerances Pyrex 6” 60” 25.00 
. / so that it will fit directly over our standard aluminum tubing, eliminating any mounting problems. : 
leir ; bai ” 4: 
314," diam., 48” f.1. (uncoated) ..... E 414" diam., 62” f.1. (uncoated) ...... .00 MIRROR MOUNT 
: Cc lumi Holds all i firml ith 
. . . . ° ast aluminum. olds a our mirrors irmly wit 
Same as above with coating ............ $32.00 Same as above with coating ............ $69.00 metal clips. Completely adjustable. Assembled, ready 
to use. 
We can supply ALUMINUM TUBING for the lenses above. 3-3/16” Mirror Mount fits our 414” tubing $4.00 ppd. 
4,” Mirror Mount fits our 5” tubing 4.00 ppd. 
“BIG” ACHROMATIC TELESCOPE OBJECTIVES 6” Mirror Mount fits our 7” tubing 7.00 ppd. 
y mir- We have the largest selection of diameters and focal lengths in the United States available Aluminum Telescope Tubing 
7 for immediate delivery. These are perfect magnesium-fluoride coated and cemented Gov't. O.D LD. Price Per F 
: the ° ° D. rice Per Ft. 
2 surplus lenses made of finest crown and flint optical glass. Not mounted. Fully corrected. 24” 214” $1.20 ppd. 
: the Tremendous resolving power. They can readily be used with eyepieces of only 14” focal 334” 314” 1.75 ppd. 
, and length, thereby producing high powers. Guaranteed well suited for astronomical tele- 42” 1%, 23 ra 
f the scopes, spotting scopes, and other instruments. Gov't. cost up to $100. i” 6%” 3.00 fob 
Diameter Focal Length Each Diameter Focal Length Each ° ° 
E:@ 54 mm. (214”) 254 mm. (10) ........ $12.50 83 mm. (3%”) 660 mm. (267) ........ $28.00 Focusing Eyepiece Mounts 
54mm. (2%”) 300 mm. (11.8”) ..... 12.50 83 mm. (34%4”) 711. mm. (28” ....... 28.00 Rack & Pinion Type 
ithors 54 mm. (214”) 330mm. €43~)) .......+6 12.50 83 mm. (34%4”) 762 mm. (30”) ........ 28.00 The sheminem bate — +, foes - black 
S. ” 2 ” " 4” 876 " 14” Bean crackle paint an 1s machined to fit a our a uminum 
, Bi ic Qk ov bee diese o78 pope .. ea om ) 28.00 tubing. Has a chrome-plated brass focusing tube, 
er D, 54 mm. (21%”) 508 mm. (20”) .......... 12,50 83 mm. (314”) 1016 mm. (40”) ...... - 30.00 which accommodates standard 114” eyepieces. 
h 9, 54 mm. (21%”) 600 mm. (2314”) ...... 12.50 102 mm. (4”) 876 mm. (3414”) .... 60.00 For 214” I.D. Tubing Postpaid $12.95 
Gen- 54 mm. (214”) 762mm: (307) 2653.85. 12.50 108 mm. (414”) 914 mm. (36”) ........ 60.00 For 314” I.D. Tubing ie 12.95 
nada 54 mm. (214”) 1016 mm. (40”) .......... 12.50 110 mm. (434”)* 1069 mm. (42-1/16”) 60,00 For 4% ” I.D. Tubing ; 12.95 
ada, ; e ” 1  (45%4")——«:106 " (42-1/16” REFLECTOR TYPE FOR ALL SIZE TUBING: 
54 mm. (2% ) 1270 ean. 50") nen TED See ON a Cee: <S — ) 67.00 Complete with diagonal holder. ..............:00+0 $ 9.9 
78 mm. (3-1/16”) 381 mm. (15”) ou... 21,00 128 mm. (5-1/16”)* 628 mm. (24%4”) .... 75,00 
80 mm. (314”) 495 mm. (1914”) ...... 28.00 128mm. (5-1/16”) 628 mm. (24%4”) .... 85.00 TELEVISION PROJECTION LENS 
iting 81 mm. (3-3/16”) 622 mm. (2412”) ...... 22.50 “Not coated Brand New, f/1.9, E.F.L. 5 inches. Manufactured by 
, @ We can supply ALUMINUM TUBING AND CELLS for the lenses above. @ Bausch & Lomb. We purchased entire lot of these 
ment discontinued units. Five elements, smallest lens 2”, 
| for largest 414”. Completely assembled 6” in length. All 
29] surfaces hard coated. Get this BARGAIN now. ~ 
7" COATED BINOCULARS MOUNTED EYEPIECES a 
The buy of a voipasr at great sav- 90° RIGHT-ANGLE PRISMS 
ing. Perfect war-surplus lenses set in ; ie 
black-anodized standard aluminum aoe ™ pes ee 7 as 
1% om. a 23-mm. face . 1.25 Silvered 2.00 
F.L. TYPE PRICE 28-mm. face . 1.75 Silvered .. 2.50 
6mm. (14”) Ramsden . enol $ 4.75 38-mm. oe p oa one ae rr 
Lu 48-mm. face .. SEVETER 200000000000 5 
12.5 mm. (1%6”) Ramsden ..............000 uu 4,50 Gen. kno... $17.50 
12:5 mim. C46") Spemambe trical isc. cssesssccssceass cosas 6.00 
American Type ‘“‘Zeiss’’ Type 16 mm. (%”) Erfle (wide angle) ..........00 12.50 3X TELESCOPE — New Low Price! 
16 mm. (%”) "WMI sieccasteteiiaca avi cesaheaeseace 12.50 Mak : low-priced 
Beautiful imported binoculars, precision made, at a 18 mm. (34”) Symmetrical ......... siesakadsceiseash ss Man Seber. “hand new! has 
low, low price. Above we have pictured the two most 1”. Act Obj 
popular types. The American Type offers a superior 22 mm. (27/32”) Kellner . jlipentvccdnviesamcaeen eee aia aes = oa. 
one-piece frame and a clean design, pleasing to the 32 mm. (1144”) CEIOSC OBIS gic iccnicccestascstecccass 12.50 tem, at ” y Bearer 5 te 
all re ti case and straps. Price ,, mm. (134”) Sopnnnae betes sacccinssssvaccacesevase 8.00 and Field Lomas, Small, 
1 ” : t, wt. 2 " 
SIZE TYPE C. FOCUS IND. Focus > ™™. (2- iy ) Kellner sosseenssnnnnensnannnensunnnnnes 6.00 compact, wt s 
6x15 OPERA = $12.75 56 mm. (2144”) SUUIORTIESE iss siccccciessccartones 6.00 Gov't. cost $200. 
. 6x30 ‘ZEISS’ $18.75 16.75 COATED LENSES 75 cents extra. Coated ........ $10.50 
7x35 “ZEISS” 21.25 19.25 as - 
te ae . GIANT” WIDE ANGLE EYEPIECES 
7x35 AMERICAN WIDE ERFLE EYEPIECE (65° field) 
ibs ANGLE 10° 37.50 — contains 3 coated achromats. 114” 8-POWER ELBOW TELESCOPE 
cs eRe 9 22.50 E.F.L., clear aperture 244”. Has a ’ 
x 50 ZEISS 24.95 . focusing mount with diopter scale. This M-17 telescope has a 
7x50 AMERICAN 32.50 — Will make an wer. Magni 35-mm. ee a Tite 
2 Kodachrome Viewer. sia es seven eld — eet at 
8 x 30 “ZEISS’" pp bs 7 peaant Cee ~ $18.50 ppd. yards. The telescope can 
P 10x50 “ZEISS ~ pope Ps sdjased | for kyo 15 
10x50 ‘ZEISS’ 41. a eet to infinity. It has a 2’ 
IRE ANU BREE, Go OE in, Tatne Se 
-m) 
MONOCULARS i} coated 114” E.F.L. Focusing mount. an m. foca Pores 2 > 
: y 3 perfect anenenennie 1-13/16” aper- tem. Turret- 
Brand new, coated optics, complete = | Re OFS ips BE MIIN INNS hep $18.50 mounted fil- 
i with pigskin case and neck straps. ters: clear 
a , 
WIDE ANGLE ERFLE 1)” E.F.L. Brand new; red, amber, 
Price Price contains Eastman Kodak's rare-earth glasses; aperture and neutral. 
x 30 $10.00 7x 50 $15.00 2”; focusing mounts; 65° field ........sssssssseesneenne $18.50 Lamp housing 
Sag 11.25 16%50 17.50 14” Diam. Adapter for Erfle eyepieces ........ $3.95 pl gs 
7x 35 12.50 20 x 50 20.00 LENS CLEANING TISSUE — Here is a wonder- night-time use. Truly the biggest bargain you 
oy ful Gov't. surplus buy of Lens Paper which was made were ever offered. Original Gov't. cost $200. 








to the highest Gov't. standards and specifications. 
“MILLIONS” of Lenses, etc. S00: SEGRE Ci8e 76 BE 5. cccsaresnncecstvcacseeceisivesoves $1 
Free Catalogue 


We pay the POSTAGE — C.O.D.’s you pay postage. ms | i A | KE ¢, M K Ly * sper. sipetig 
ye © ee. VE iS bY h AAT it) on Poe 


Satisfaction guaranteed or money refunded if merchan- 
lise returned within 30 days. 


BARGAIN PRICE... $13.50 ppd. 
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WAR-SURPLUS 
AMERICAN-MADE 


7 X 50 BINOCULARS 


Brand new — these will cost you 
more than do Japanese binoculars 
but the quality is much better. 
They are more rugged, and be- 
cause of durability will be far 
cheaper in the end. Excellent night 
glass. This is the size recom- 
mended for satellite viewing. In- 
dividual eye focus. Exit pupil 
7 mm., approx. field at 1,000 yards 
7-power objective lenses, 50-mm. (2”) 
Each optical ele- 


men ere creme 





feet. : 
Carrying case included. 
ment coated. American 7 x 50's normally cost $195.00, 


is 376 
diameter. 


ind our war-surplus price saves you real money. 


I RENNIN Sechitccascceacsvhonisdpasexévinnventes $55.00 ppd. 
(Tax Included) 


“TIME IN ASTRONOMY” BOOKLET 


By Sam Brown. All about various kinds of time, 
contains sidereal timetable. How to use single- and 
double-index setting circles, how to adjust an equa 
torial mount, list of sky objects. Also includes 7” 
paper setting circles and stripes suitable for cutting 
out and mounting on plywood. Wonderfully illustrated. 


I IE 5 53.69) 0500 che san sen00000a05 60c ppd. 


JUST REDUCED! 
SATELLITE TELESCOPE 


In setting the original price of our 
Satellite Telescope we figured am 
ortization of tooling and engineer 
ing over 1,000 scopes. While sales 
haven't reached this point, because 


so many made their own instru- 
ments by using our unmounted 
optics, we have decided to take 


our loss on tool amortization and 
reduce the price. It's still the best 
satellite telescope available, so get 
yours now! Especially made for members of MOON 
WATCH. Gives you the greatest possible field with 





the ability to observe faint objects with only slight 
magnification. Wide (51-mm.) diameter, low-reflection 
coated objective lens. A 6-element, extremely wide 
field, coated Erfle eyepiece, which in combination 
with the objective gives 5.5 power with a big 12 
field and over 7-mm. exit pupil. This scope also 
makes a perfect wide-field finder a wonderful 
comet seeker; see complete asterisms with it. 

PR NEN occociciinsstorsversnvcesensesii $39.50 ppd. 


3” ASTRONOMICAL 
REFLECTOR 


60 to 160 Power — An Unusual Buy! 








Assembled — ready to use! See Saturn's rings, the 
planet Mars, huge craters on the moon, star clusters, 
moons of Jupiter, double stars, nebulae, and galaxies! 
Equatorial-type mounting with lock on both axes. 
Aluminized and over-coated 3”-diameter f/10 primary 
mirror, ventilated cell. Telescope comes equipped with 
a 60X eyepiece and a mounted Barlow lens, giving you 
60 to 160 power. A finder telescope, always so essen- 
tial, included. Sturdy, hardwood, portable tripod. 


Free with scope: Valuable STAR CHART 
and 272-page ASTRONOMY BOOK. 
ee | __ EEe EEE. $29.50 f.o.b. 


(Shipping wt. 10 Ibs.) Barrington, N. J. 








NEW HAND SPECTROSCOPE 

Never before such a low 
i eteaaianet . cause it employs newly de- 

veloped replica-grating film 
mounted in aluminum tube 414” long, 14” diameter, 
with a fixed slit. Excellent for demonstrating spectrum; 
transmission and absorption bands of colored glasses, 
filters, dyes. Also will show more prominent Fraunho- 
PI IN 6 sic 00.5 ep bneskcshiveccnan $2.50 ppd. 

REPLICA GRATING 


price! Only possible be- 
with 13,400 lines per inch. This grating is 
for seeing spectral lines of gases; for recognizing 
fer lines in the sun’s spectrum. 
Low, Low Cost 









REPLICA . 

GRATING Fy It's here — after decades of ef- 
we ii fort! Replica grating — on film 
aAoounes at very low price. Breaks up 


PER INCH J 


SPECTRUM 
7 COLORS 


white light into full spectrum 
colors. An exciting display. 13,- 
{00 lines per inch, running long 
way on film 8” wide — grat- 
ing area 744”. Thickness about 
0.005”. Dispersion about 24° in 





Ist order. Use it for making 
spectroscopes, for experiments, as a fascinating novel- 
tv. First time available in such a large size — so 
cheaply. 

Stock #40,267-Y....8’’ by 11” piece...... $1.50 ppd. 
Stock #50,180-Y....8 by 6’ piece...... $5.95 ppd. 


Mounted Ramsden Eyepieces 
Standard 11%” Diameter io 


Our economy model, standard- 
size (14%4” O.D.) eyepiece. We 
mounted two excellent quality 
plano-convex lenses in black 
anodized aluminum barrels in- 
stead of chrome-plated brass to 
save you money. The clear image 
you get with these will surprise . 
you. Directions for using short focal length eyepieces 
are included with both the 44” and 1%” models. 


Stock #30,204-Y....%" focal length....$4.75 ppd. 
Stock #30,203-Y....Y2" focal length....$4.50 ppd. 


OBSERVE SUNSPOTS 


There are more sunspots now than for many a year. 
Join the International Geophysical Year effort of re- 
search on the sun. It's fun to use your telescope dur- 
ing broad daylight. Care must be taken to avoid 
damage to your eyes. 

There are several methods of reducing intensity 
of the sun’s rays, but the most popular is using a 
Herschel wedge plus a sun filter over the eyepiece. 


UNMOUNTED HERSCHEL WEDGE 








Size, 40 mm. x 55 mm.; wedge angle is 10°. The 
critical surface is flat to 1% wave. Not mounted. 
Stock 730,265-Y $3.50 


MOUNTED HERSCHEL WEDGE 


Same size as above but 
mounted with diagonal 
holder for reflectors. Fits 
our rack-and-pinion holder, 
Stock No. 50,077-Y, that 
is also used on our 444” 
and 6” reflectors. Holder 
rod is long enough for 
444”, 6”, and 8” mirrors. 
Rod is 5/32” diameter and 
5” long. 


Stock #30,266-Y....$5.50 





SUN FILTERS 
These filters help protect the eyes from normal visible 
rays, invisible infrared and ultraviolet. 3-mm, thick- 
ness. Per cent of light transmission: visible 0.0091%, 
ultraviolet none, infrared 0.0190%. 








Stock No. Size Price 
ITN sctccceicasevscdstvasess We ceesccsbisssctsaeisascveal $1.00 
iisXidpeusinvnchvaiens de ne .. 2.00 
. Ye" (round).. -- U.25 
ORE ee | Rr 
INVITATION 
VISIT OUR RETAIL STORE — (10 miles from 
Philadelphia — two miles from Exit #3 of 


the New Jersey Turnpike). When you’re near us, 
stop in and see our big display. Our store 
contains many miscellaneous items at bargain 
prices. 











50X MEASURING 
POCKET MICROSCOPE 





orverererrr 
Meamaaninsasctattall 
4 RETICLE PATTERN 

_— me 


‘ 





Here is a handy little pocket instrument no longe: 
than an ordinary fountain pen. Ideal for measuring 
and examining objects under SOX magnification 
Reticle calibrated for measuring 1/10” by 0.001” divi 


sions. Estimates to 0.0005” can easily be made. We 
check each one for accuracy before shipping. You 
make direct readings from reticle — no calculations 


necessary. 


USE THIS MICROSCOPE FOR: 

1. Glass surface inspection in mirror grinding and 
polishing. 

2. Abrasive particle size determination and inspection. 

3. Checking and measuring small parts for quality 
control. 

Chrome reflector at base of instrument reflects light 

on objects being examined or measured. 


Stock #30,225-Y 





$7.95 ppd. 


DOUBLE AND TRIPLE YOUR 
TELESCOPE’S POWER 
WITH A BARLOW LENS 


Focus 









Rays PRIMARY 
FROM 


PRIMARY 


SINGLE 
ELEMENT 
BARLOW 


EYEPIECE 





rf ' 


WHAT IS A BARLOW? A Barlow lens is a negative 
lens used to increase the power of a telescope with- 
out resorting to short focal length eyepieces, and 
without the need for long, cumbersome telescope 
tubes. Referring to the diagram above, a Barlow 
is placed the distance P inside the primary focus 
of the mirror or objective. The Barlow diverges the 
beam to a distance Q. This focus is observed with 
the eyepiece in the usual manner. Thus, a Barlow 
may be mounted in the same tube that holds the 
eyepiece, making it very easy to achieve the extra 
power. The new power of the telescope is not, as 
you might suppose, due to the extra focal length 
given the objective by the difference between P and 
Q. It is defined as the original power of the tele- 
scope times the quotient of P divided into 





Beautiful chrome mount. We now have our Barlow 
lens mounted in chrome-plated brass tubing with 
special spacer rings that enable you to vary easily 
the power by sliding split rings out one end and 
placing them in other end. Comes to you sooty to 
use. Just slide our mounted lens into your 144” I.D. 
tubing, then slide your 14” O.D. eyepieces into our 
chrome-plated tubing. Two pieces provided, one for 
regular focal length eyepieces and one for short focal 
length ones. 

Remember, in addition to doubling and tripling 
your power, a Barlow lens increases your eye relief 
and makes using a short focal length eyepiece easier. 

Don’t fail to try one of these. Many people do 
not realize the many advantages of a Barlow and 
the much greater use they can get from their tele- 
scopes. Our Barlow has a focal length of —1-5/16”. 
We have received many complimentary letters about 
this lens. So sure are we that you will like it that 
we sell it under a 30-day guarantee of satisfaction 


or your full purchase price returned — no questions 
asked. You can't lose, so order today. 
Stock #30,200-Y Mounted Barlow lens...... $8.00 ppd. 


WAR-SURPLUS 
TELESCOPE 
EYEPIECE 


Mounted Kellner Boapiece, Type 
3. 2 achromats, focal length 28 
mm., eye relief 22 mm. An ex- 
tension added, O.D. 114”, stand- 
ard for most types of telescopes. | 
Gov't. cost $26.50. 


Stock #5223-Y......$7.95 ppd. 





EDMUND SCIENTIFIC CO. 
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Sale! Terrific Bargains! 


WAR-SURPLUS AERIAL CAMERA LENSES 


24” Focal Length, f/6, in 23”-long Lens Cone 
Made by Bausch & Lomb and Eastman Kodak 
$39.50, Used; $59.00, New; Gov't. Cost $1,218.00 


USES: 

1. As a long-range, Big Bertha telephoto lens. 

2. For visual richest-field telescope objective (wide 
field, low power) with one of our wide-field Erfle 
eyepieces. Not recommended for use above 24X unless 
stopped down to f/11. Use to see satellites, star 
clusters, star fields, and more. 

3. As an opaque-projector lens. 

{. For operation PHOTOTRACK. 


SALE AERIAL CAMERA LENSES 
Lens Cones with f/6 24” focal length — 
Stock #85,059-Y....24”, Used......$39.50 f.0.b. Utah 
Stock #85,060-Y....24”, New......$59.50 f.0.b. Utah 


Here 


cone. 
ments 
diaphragm holder. Cell can be easily taken out of cone in a 
few minutes. 


is a once-in-a-lifetime bargain opportunity in aerial 
camera lenses. Made by famous manufacturers for the Govern- 
ment and now no longer needed. These lenses are precision- 
mounted in the lens cone that was attached to the film-carrying 
part of the camera. Picture size was 9” by 9”. The diaphragm 
is included, adjustable from f/6 to f/22 by a flexible rod 
(easily extended) near camera end of the cone. Diaphragm 
opens from about 1” to 314”. 


Focal plane of lens is about 10” outside the end of the cone, 
making it easy to attach film holder, eyepiece, or the like. 
These 4”-diameter lenses are precision 4-element types, Aero 
Tessar or Aero Ektar (no choice), weighing 25 Ibs. with 
Fine trunklike carrying case weighs 26 Ibs. Lens ele- 


are in beautiful brass cells which screw into the 


OPERATION PHOTOTRACK 

The Society of Photographic Scientists and Engineers 
is co-operating with the Smithsonian Astrophysical 
Observatory and the International Geophysical Year 
national committee in operation PHOTOTRACK — a 
project in which technically minded photographers are 
asked to aid in Pe wirwnnsican Bogs the artificial satellites. 
For information, write to the society's secretary- 
treasurer, Norton Goodwin, 826 Connecticut Ave. 
N.W., Washington 6, D. C. 


ALSO AVAILABLE 
Lens Cones with f/8 40” focal length — 
Stock 785,061-Y......Used............ $68.50 f.0.b. Utah 
Stock #85,062-Y......New............ $89.50 f.0.b. Utah 





Rack & Pinion Eyepiece Mounts 





For Reflectors For Refractors 


Now you can improve performance in a most im- 
portant part of your telescope — the eyepiece holder. 
Smooth, trouble-free focusing will help you to get 
professional performance. Look at all these fine fea- 
tures: real rack-and-pinion focusing with variable 
tension adjustment; tube accommodates standard 
144” eyepieces and accessory equipment; Mor ge 
aluminum body casting; focusing tube and rack of 
chrome-plated brass; body finished in black wrinkle 
Pp 1int. No. 50,077-Y is for reflecting telescopes, has 
tocus travel of over 2”, and is made to fit any 
ds meter or type tubing by attaching through small 
holes in the base. Nos. 50,103-Y and _ 50,108-Y 
are for refractors and have focus travel of over 4”. 
Will fit our 2%” 1.D. and our 3%” I.D. aluminum 
tubes respectively. 


Stock #50,077-Y (less diagonal holder) $9.95 ppd. 
Stock 7£60,035-Y (diagonal holder only) 1.00 ppd. 
Stock #50,103-Y (for 27/3" 1.D. tubing) 12.95 ppd. 
Stock #50,108-Y (for 37%” 1.D. tubing) 13.95 ppd. 


ORDER BY STOCK NUMBER 


BARRINGTON e 


AERIAL CAMERA LENS 
£/2.5 with 7” Focal Length 

An excellent lens can be 
adapted for use on 35-mm. and 
Speed Graphic cameras as a tele- 
photo lens. Three of the first four 
pictures of Sputnik III were taken 
by a student with a homemade 
camera using one of these lenses. 
Adjustable diaphragm, f/16_ to 
f/2.5. Gov't. cost over $400. War 
surplus 


Gidcte PIO ALWSoaad Sosk $39.95 ppd. 


7X FINDER TELESCOPE-ACHROMATIC 
Stock #50,080-Y Finder alone, less ring mounts. . .$9.95 
Stock 7¢50,075-Y Ring mounts per pair.......... $3.95 


PRISM STAR DIAGONAL 


For comfortable viewing of 
the stars near the zenith 
or high overhead with re- 
fracting telescopes _using 
standard size (14%4” O.D.) 
eyepieces, or you can make 
an adapter for substandard 
refractors. Contains an ex- 
cellent quality aluminized 
right-angle — prism. Tubes 
are satin chrome-plated brass. 
Body is black wrinkle cast 
aluminum. Optical fe of 
the system is about 3¥ 


a | RED $12.00 ppd. 
“MAKE-YOUR-OWN” 414” MIRROR KIT 


The same fine mirror as used in our telescopes, 
polished and aluminized, lenses for eyepieces, and 
diagonal. No metal parts. 


Stock #50,074-Y 











$16.25 ppd. 


SEND CHECK OR MONEY ORDER 


NE W 


Sale! GIANT ERFLE EYEPIECE 


Wow! Here is a real bargain. 
We just bought a large lot of 
these eyepieces reasonably — so 
down goes the price to $9.95 for 
a real sale. Lens system con- 
tains 3 coated achromats over 2” 
in diameter. Gov't. cost over 
$100.00. Brand new, weight 2 
pounds. The value will double 
when this sale is over, and 
triple and quadruple as years 
ass. If we didn’t owe the 
ank so much money, we'd be 
tempted to hold onto these eyepieces. Their wide ap- 
parent field is 65°. The focal length is 144”. Lenses 
are in a metal cell with spiral threads; focusing 
adapter with 32 threads per inch is included; diameter 
is 2-11/16”. If you don’t order now and you miss 
out on a hundred-dollar eyepiece for only $9.95, you 
can't say that we didn’t try to impress you with its 
value. You can make some super-duper finders with 
these eyepieces. They are also ideal for richest-field 
telescopes, which are becoming popular each day, 
particularly in the Sputnik age. Everyone with a large 
reflecting telescope should have one of these. 


Stock #£50,178-Y........c..:0000 Sale Price $9.95 ppd. 
3X ELBOW TELESCOPE 


Sometimes the war-surplus end of this business is 
heartbreaking. Here is an excellent little telescope 
that cost Uncle Sam about $200.00. Makes a dandy 
finder with a 13° field. Weight 2 pounds, size 534 

4Y,”, Although our price has been only $7.50 post- 
paid, they just sit on our shelves year after year. 
Then to get an item we really wanted, we had to buy 
200 more of these telescopes recently. Objective lens 
is an achromat, diameter 26 mm., focal length 104 
mm. Amici roof prism with faces of 18 mm. x 20 mm. 
cost from $12.00 to $36.00 to make. Symmetrical 
eyepiece of 144” (32.5 mm.) effective focal length 
consists of 2 achromats with diameters of 34 mm. 
and focal lengths of 65 mm. At our new price we 
cannot afford to have our instrument man take these 
apart and clean them — so we told him to look them 
over to make sure everything is okay, and now you 
can buy them for only $5.00 each delivered to you. 


Stock #50,179-Y...... $5.00 ppd. 








6X FINDER TELESCOPE 





Has crosshairs for exact locating. You focus by 
sliding objective mount in and out. Base fits any 
diameter tube — an important advantage. Has 3 
centering screws for aligning with main telescope. 20- 
mm.-diameter objective. Weighs less than 4 pound. 


Stock #50,121-Y.. $8.00 ppd. 





MISCELLANEOUS ITEMS 


KELLNER EYEPIECE — 2” focal length (1%4” O.D.). 
Mount of black anodized aluminum. 


SRN Ts ov ciccvecdsvededcadat: $6.00 ppd. 
60° SPECTROMETER PRISM — Polished surfaces 18 
mm. x 30-mm. — flat to 4 wave length. 

BERGE SOIR O ho bok dere cccitccucccauas $8.25 ppd. 


ASTRONOMICAL TELESCOPE TUBING 
Stock No. I.D. 0.D. Lgth. Description Price 


80,038-Y 47%” 514" 46” Spiral-wound $2.50 
85,008-Y 67% 7%" 60" paper 4.00 
ares 27%e" 3” a 6.00 
5,012-Y 37/2" 4” 60” . 8.75 
85,013-Y 47" 5” 48 Aluminum 9.00 
85,014-Y 67/3" To oe 15.00 


All tubing is shipped f.o.b. Barrington, N. J. 





BE SURE TO GET FREE CATALOG “Y” 


Fantastic variety —- never before have so many 
lenses, prisms, optical instruments, and compo- 
nents been offered from one source. Positively 
the greatest assembly of bargains in all America. 
Imported! War Surplus! Hundreds of other hard- 
to-get optical items. Write for Free Catalog “’Y.’’ 











SATISFACTION GUARANTEED! 


JERSEY 
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CELESTIAL CALENDAR 


Universal time is used unless otherwise noted. 


MINOR PLANET PREDICTIONS 
Lutetia, 21, 9.0. July 26, 22:23.7 
10. August 5, 22:18.7 —16-03; 15, 22:11.3 
—17-03; 25, 22:02.8 —17-59. September 


4, 21:54.7 —18-43; 14, 21:48.3 —19-07. 
Date of opposition, August 22. 
Interamnia, 704, 9.6. August 15, 23:28.6 


+22-07; 25, 23:22.5 +22-58. September 
4, 23:14.8 +23-20; 14, 23:06.4 +23-13; 
24, 22:58.1 +22-39. October 4, 22:51.1 
+21-44. Date of opposition, September 9. 

After the asteroid’s name are its number and the 
magnitude expected at opposition. At 10-day intervals 
are given its right ascension and declination (1950. 0) 
for 0% Universal time. In each case the motion of 
the asteroid is retrograde. Data are supplied by the 
IAU Minor Planet Center at the University of Cin- 
cinnati Observatory. 

SUNSPOT NUMBERS 

The following American sunspot num- 
bers for May were derived by Dr. Sarah 
J. Hill of Whitin Observatory, Wellesley 
College, from AAVSO Solar Division ob- 


servations. 


171; 22, 158; 23, 197; 24, 206; 25, 175; 26, 
173; 27, 145; 28, 153; 29, 189; 30, 179; 31, 
190. Mean for May, 171.9. 

Below are observed mean relative sun- 
spot numbers from Zurich Observatory 
and its stations in Locarno and Arosa. 

June 1, 200; 2, 154; 8, 181; 4, 195; 5, 
195; 6, 176; 7, 185; 8, 200; 9, 209; 10, 200; 

1, 193; 12, 193; 13, 176; 14, 160; 15, 131; 
16, 100; 17, 113; 18, 100; 19, 114; 20, 107: 
21, 141; 22, 148; 23, 184; 24, 189; 25, 199: 
26, 183; 27, 178; 28, 174; 29, 200; 30, 159. 
Mean for — 167.9. 


OCCULTATION PREDICTIONS 

August 8-9 Delta Tauri 3.9, 4:20.5 + 17- 
26.7, 24. Im: H 11:02.3 —1.3. +0.2 117; 
I 11:14.8 —0.6 +1.7 79. Em: H 11:57.2 
—0.5 +3.2 215. 

August 8-9 68 Tauri 4.2, 4:23.1 +17- 
50.0, 24. Im: H 12:35.0 —1.3 +2.0 62. 


For stations in the United States and Canada, 








May I, 199; 2, 211; 3, 265; 4, 240; 5, 212; usually for stars of Po eo 5.0 or atti Nears 

- . "eC. E from the American Ephemeris and the Britis auti- 

6, 172; 7, 183; 8, 153; 9, 176; 10, 180; 11, cal Almanac are given here, as follows: evening-morn- 
188; 12, 148; 13, 152; 14, 107; - 120; 16, ing date, star name, magnitude, right ascension in 
P dpa ase 4 hours and minutes, declination in degrees and min- 

Liz: M, 120; 18, 130; 19, 159; PaBie 21, utes, moon’s age in days, immersion or emersion; 
FOR SALE: 4” Unitron photo-equatorial telescope 


SKY- GAZERS EXCHANGE 


Classified advertising costs 25 cents a word, including 
address; minimum charge, $3.00 per ad. Only one 
for sale ad per issue for each advertiser. Remittance 
must accompany order. Insertion is guaranteed only 
on copy received by the 20th of the second month 
before publication; otherwise, insertion will be made 
in next issue. We cannot acknowledge classified ad 
orders. Sky Publishing Corporation assumes no re- 
sponsibility for statements made in classified ads, nor 
for the quality of merchandise advertised. Write Ad 
Dept., Sky and Telescope, Harvard Observatory, 
Cambridge "38. Massachusetts. 





i” UNITRON equatorial, perfect condition, super- 
Unihex, Duetron, all eyepieces, erector, and so 
forth, $750.00. L. Hall, 7101 Knowlton Place, 


Los Angeles 45, Calif. Phone: OR 2-1906. 


RECESSION SALE: Pyrex parabolic 8”, £/8 or £/12 
mirrors, wave correct, high-grade quality, alumi- 
nized. ‘ohes good for limited time only. Buy now, 
only $50.00 postpaid in the U.S. A. Complete 
catalogue, 25¢. Quality Optics, Walbridge, Ohio. 








Refiguring. Slow-motion 
John McQuaid, 


any focal ratio. 
Aluminum castings. 
Logansport, Ind. 


MIRRORS, 
equatorials. 
2003 High, 





FREE! 72-page photographic catalogue. Write to 
‘Photographic Headquarters Since 1899,’ Dept. 
2638, Central Camera Co., 230 S. Wabash Ave., 
Chicago 4, Ill. 





TELESCOPES, finished mirrors, grinding outfits, eye- 
pieces, mountings, focusing mechanisms, prisms, 
filters, and so forth. 27th year of superior manu- 
facture. Catalogue $1.00, none free, deductible 
from order. Harry Ross, 61 Reade St., New York 
te 

DRIVE for telescope or camera, track 

simple gearless design, make trans 

“Space Chart," 
constellation 

Bethel, Conn. 





SIDEREAL 
stars accurately, 
parencies, complete plans $1.00. 
planets, sun, moon, asteroids, stars, 
maps, $1.00. L. Mussgnug, Box 74, 





MOUNTED 6” telescope objectives of guaranteed first 
quality. $325.00. Earl Witherspoon, Sumter, S. C. 


FOR SALE: De luxe Questar complete. Like new 
with full manufacturer's guarantee. Substantial sav- 
ings. George M. Davis, P. O. Box 811, LaGrange, 
Ga. 








ALUMINIZED MIRRORS, plate glass: 6”, £/5.3 





$22.00; 8”, £/8, $37.00. Used several years. Excel: 
lent figures. L. Sager, 74 E. Hazeltine, Kenmore 
7, ee ee 

SOUTHWESTERN OBSERVERS: Finest refractor 
telescopes. Special wide-angle and fine imported 
binoculars. Shipped from Dallas, Texas. Models, 
terms, complete information on request. Melton 


Industries, 1901 Levee St., Dallas 7, Tex. 


with camera, clock drive, including tripod mount- 











ing, Carrying cases, extras. Bargain! C. S. Steel- 
man, 1724 Kenneth Rd., Glendale, Calif. 

DOUBLE STAR Lists containing 730 doubles, giving 
magnitudes, separation, position angles, and nu- | 
merous remarks, $1.50. Owen Hall, 726 N. Ham 
Lane, Lodi, Calif. 

FINE ANASTIGMATS, barrel mounts, iris: 5” (10”) 
f/4, convertible, $35. ry 8” f/2.9, $37.50; 12” £/2.5 
(no iris), $115. 00; ” £/5.6, $39.50; 20” £/6.3 
$59.50; 30” £/6.3 ‘975. 00; 36” £/6.3, $95.00. 
Walter Baer, 741 State St., Lancaster 2, Pa. 

FOR SALE: Eyepieces from 7 x 50 binoculars, spiral 


renege coated eye lenses, $3.00 each. Objectives, 
range finder, excellent for telescopes and finders, 
coated achromats, 154” diameter, focal length 13” 


approximately, in threaded metal cell, $3.00 each. 
Prisms: Right-angle 7%” x 7%” face, 1-5/16” hy- 
potenuse, $1.00 each. Prisms: Tank periscope, 


3%” long, 21%” hypotenuse, in metal and plastic 
housing, 2 for $1.50. All postpaid. Supplies limited. 
Charles E. Roberts, 730 4th St., Fremont, Ohio. 


telescope. MOON- 
Astronomical, 





ACHROMATIC prism satellite 
WATCH objective. Kellner eyepiece. 





terrestrial. Easy mount. $21.50 postpaid. Scopes, 
111 Pleasant Woods, Dallas 17, Tex. 
BEGINNER'S Telescope Kit: $3.00 each, all parts, 


3 lenses. Make 8-power astronomical telescope. 
Perfect for youngsters and school projects. Frank 
Myers, 19200 N. Park Blvd., Shaker Heights, Ohio. 





standard-station designation, UT, a and b quantities 
in minutes, position angle on the moon’s limb; the 
same data for each standard station westward. 

The a and b quantities tabulated in each case are 
variations of standard-station predicted times per de- 
gree of longitude and of latitude, respectively, enabling 
computation of fairly accurate times for one’s local 
station (long. Lo, lat. L) within 200 or 300 miles of 
a standard station (long. LoS, lat. _: Multiply a 
by the difference in longitude (Lo—LoS), and 
multiply b by the difference in latitude (L—LS), 
ne due regard to arithmetic signs, and add both 

ts to (or subtract from, as the case may be) the 
ceandinodetadion redicted time to obtain time at the 
local station. hen convert the Universal time to 
your standard time. 

Longitudes and ya of standard stations are: 


+72°.5, + E +91°.0, HS 
B +73°.6 +45°.5 F  +98°.0, +31°. 
Cc +77°.1 +38°.9 G Discontinued 
D +79°.4, +443°.7 HH +120°.0, +36°.0 
t +123", ers 





MINIMA OF ALGOL 

19:42; 4, 16:31; 7, 13:19; 10; 

nen 18, 6:56; 16, 3:45; 19, 0:33; 21; 

21:22; 24, 18:10; 27, 14:59; 30, 11:48. 
September 2, O50; 5, Diao; Oy 220. 
These minima predictions for Algol are based on 

the formula in the 1953 International Supplement of 

the Krakow Observatory. The times given are geo- 


centric; they can be compared directly with observed 
times of least brightness. 


MOON PHASES AND DISTANCE 


August 1, 





Last quarter August 7, 17:49 
New moon August 15, 3:33 
First quarter August 21, 19:45 


Full moon August 29, 5:53 


Last quarter September 6, 10:24 

August Distance Diameter 

Apogee 5, 18" 251,300 mi. 29 33” 

Perigee 17, 15" 226,200 mi. 32’ 50” 
September 

Apogee 2, 11" 251,900 mi. 29 29” 





JUPITER’S SATELLITES 


The configurations of Jupiter’s four bright moons 
are shown below, as seen in an astronomical or in- 
verting telescope, with north at the bottom and east 
at the right. In the upper part, d is the point of 
disappearance of the satellite in Jupiter’s shadow; 
r is the point of reappearance. 

In the lower section, the moons have the positions 
shown for the Universal time given. The motion of 
each satellite is from the dot toward the number 
designating it. Transits over Jupiter’s disk are shown 
by open circles at the left, eclipses and occultations 
by black disks at the right. The chart is from the 
American Ephemeris and Nautical Almanac. 





AUGUST 





Phases of the Eclipses of the Satellites 
I Ill 


Ww S r E |W 
IV 
= t E | W No Eclipse = E 


Configurations at 1" 45" 

















INTERESTED in astronomy as a career? Vocational 
and Professional Monographs: Astronomy, by Free- 
man D. Miller, 
scholastic training, and job opportunities. 
postpaid. Send to Box B, Sky and 
Harvard Observatory, Cambridge 38, Mass. 


“SATELLITE PATHFINDER,” 





an ingenious device 


| 


describes personal qualifications, | 
$1.00 | 
Telescope, | 


designed at the American Museum-Hayden Plane- | 


tarium to help 


sages of artificial satellites. 





redict Northern Hemisphere pas- | 
$1.95 postpaid. Send | 


to Box C, Sky and Telescope, Harvard Observatory, | 
Cambridge 38, Mass. | 
ASTRONOMY FILMS: Two 16-mm., sound, 400’ 


reels — The Moon and The Solar System —_ by In- 


ternational Screen Organization. Shown twice. 
$80.00. Joseph Costes, 440 Dogwood N.E., Ada, 
Mich. 





FOR SALE: 4” refractor with equatorial mount, clock 
drive, Unibalance tube assembly, metal pier, finder, 
and three oculars, all for $475.00. Write for photo. 
Jerry Burnett, 244 Ramble St., Hot Springs, Ark. 


6” REFLECTOR, f/9, 
slow-motion hand drive, 
finder, Kellner oculars and Barlow. Fully com- 
plete. A steal at $159.00. D. Yeier, Candor, N. Y. 





equatorial mount, 
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featuring | 
8-power elbow-telescope | 
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THE SUN, MOON, AND PLANETS THIS MONTH 


The sun, on the ecliptic, is shown for the beginning and end of the month. 

The moon’s symbols give its phase roughly, with the date marked alongside. 

Each planet is located for the middle of the month or for other dates shown. 
All positions are for 0" Universal time on the respective dates. 


Mercury comes to inferior conjunction 
with the sun on August 23rd, passing 
from the evening to the morning sky. 
Except for a few days at the beginning 
and end of the month, the planet is too 
near the sun to be seen. 

Venus rises in the east-northeast about 
two hours before the sun. On the morn- 
ing of the 13th the moon will be near 
this brilliant —3.3-magnitude _ planet, 
which will then be moving from Gemini 
into Cancer. 

Mars is prominent in Aries, rising 
about 14 hours before local midnight by 
August 15th. During the month Mars 
will brighten from magnitude —0.1 to 
—0.5. Telescopically, the red planet shows 
a gibbous disk 11” in diameter. The moon 
is to be very close to Mars on the morning 
of the 7th, conjunction occurring at 9:45 
UT, with Mars 1° 05’ south as seen from 
the center of the earth. Observers in parts 
of northern Canada will see the planet 
occulted. 

Jupiter is in Virgo not far from Spica, 
at midmonth setting about an hour after 
evening twilight ends. Its magnitude is 
—1.4. In a telescope, the planet presents 
a slightly flattened disk with an equatorial 
diameter of 34”. 

Saturn is in Ophiuchus east of Antares. 
On August 15th, this +0.6-magnitude 
planet crosses the meridian about half an 
hour after sunset, and on the 24th its 
motion among the stars changes from 
westward to eastward. The moon passes 
north of Saturn on the night of August 
22-23. 


Uranus will be too close to the sun in 


UNIVERSAL TIME (UT) 

TIMES used in Celestial Calendar are Greenwich 
civil or Universal time, unless otherwise noted. This 
is 24-hour time, from midnight te midnight; times 
greater than 12:00 are p.m. Subtract the following 
hours to convert to standard times in the Unit 

States: EST, 5; CST, 6; MST, 7; PST, 8. To obtain 
daylight saving time subtract 4, 5, 6, or 7 hours, 


respectively. If necessary, add 24 hours to the UT 
before subtracting, in which case the result is your 
standard time on the day preceding the Greenwich 
date shown. 


the sky to be viewed this month, conjunc- 
tion occurring on August 4th. 

Neptune is an 8th-magnitude object ap- 
proximately 2° east of Kappa Virginis, 
setting about 2} hours after the sun on 
the 15th. This slowly moving planet will 
be at right ascension 14° 02™.8, declina- 
tion —10° 38’ (1958 co-ordinates) on that 
date. 


Artificial satellite observing at dusk in 
August will be aided by the star chart in 
this issue; for predawn observing a chart 
from a December issue will be helpful. 

W. H. G. 


VARIABLE STAR MAXIMA 
August 2, S Virginis, 132706, 7.1; 4, U 
Herculis, 162119, 7.6; 7, R Carinae, 
092962, 4.6; 10, R Draconis, 163266, 7.6; 


12, S§ Carinae, 100661, 5.7; 14, RR Sagit- 
tarii, 194929, 6.6; 16, IT) Ursae Majoris, 
123160, 7.9; 16, W Andromedae, 021143, 
7.5; 19, Chi Cygni, 194632, 5.3; 25, RS 
Librae, 151822, 7.7; 26, Z Puppis, 072820b, 
7.9. 

September 3, RR Scorpii, 165030, 6.0; 
6, T Centauri, 133633, 6.1. 


These predictions of variable star maxima are by 
the AAVSO. Only stars are included whose mean 
maximum magnitudes are brighter than magnitude 
8.0. Some, but not all of them, are nearly as bright 
as maximum two or three weeks before and after the 
dates for maximum. The data given include, in 
order, the day of the month near which the maximum 
should occur, the star name, the star designation 
number, which gives the rough right ascension (first 
four figures) and declination (bold face if southern), 
and the predicted magnitude. 





AUGUST METEORS 

The moon, nearing new, will not inter- 
fere with observations of the Perseid 
meteor shower this year. During the first 
two weeks of August, the number of 
meteors increases to a peak on the 12th, 
when up to 50 per hour may be seen un- 
der favorable conditions. On the 12th 
the radiant is located at right ascension 
3" 04™, declination +58°. W. H. G. 











U.S. ARMY RELEASE 
PRISMATIC REFRACTING 


TELESCOPES 


Interchangeable 10X and 15X large-diame- 
ter, highly corrected wide-angle eyepieces. 
Solid bronze construction with tripod pivots, 
length 25 inches. Weight of scope 20 Ibs. 


Unusually well suited for astronomical, ter- 
restrial, target-spotting and marine use. Easily 
altered to accommodate standard (11% O.D.) 
telescope eyepieces up to 100 power. 

U. S. Government tripod, made of oak with 
bronze legs and fittings, collapsible, extends 
to eye level, Gov't. cost $66.00. Also special, 
aluminum offset yoke with locking device. 
Telescope can be mounted and dismounted in 
seconds. Tripod and yoke $25.00 additional. 


Satisfaction guaranteed or money refunded. 


No C.O.D. 


BEN ROSENBERG 


101 WEST 45TH ST., NEW YORK 36, N. Y. 


PERFECT CONDITION 


$ 49° 


Express Collect 








Original cost 
$500.00 


Includes heavy-duty 
saddle-leather-fitted 
carrying case. 


‘fi 





3'4'' Achromatic Objective, 
Built-in Filar Micrometer, 
Huge Helical 
Focusing Mount and 
Prismatic Erecting System. 
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Goto Optical Mfg. Co., Japan’s foremost maker of 

astronomical telescopes, is nearing completion of its first 

revolutionary planetarium. ! 
Patent No. 234815 by Japanese Government 








The Goto planetarium has a new and 
ingenious projection system for the 
sun, moon, and planets. This projec- 
tion mechanism, arranged areund the 
principal axis joining the star spheres, 
marks an important advance in plane- 
tarium design. 





The planet mechanisms of ordinary 
projectors give only approximate posi- 
tions, using Kepler's laws of motion 
without allowing for perturbations. In 
contrast, the Goto planetarium can 
project more precise positions of the 
planets among the stars. 


The Goto planetarium reproduces the 
highly complex motion of the moon 
with great accuracy; it provides for 
such features of the moon's motion as 
equation of center, variation, and 
evection. 








Write for information concerning the 
availability of this latest and most 
versatile of the world's planetarium 
projectors. 


Established in 1926, Japan’s Oldest and Largest 
Firm Specializing in Astronomical Telescopes. 


G 


a | 


OTO OPTICAL MFG. CO, compen 


be Shimmachi, Seta gqaya-kvy, Tok ¥ @, oe pian GOTOPTIC TOKYO 
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cellent time to trace this long constella- 
through the northern sky. The 


spectively; also, at 7 p.m. on September 


STARS FOR AUGUST a , 
7th. For other dates, add or subtract 4 tion 


The sky as seen from latitudes 30° to 
50° north, at 9 p.m. and 8 p.m., local 
time, on the 7th and 23rd of / 





hour per week. 
Etamin, the bright star in the head of 
Draco, is on the meridian; now is an ex- 


brightest star near the zenith is Vega, 
which marks compact Lyra, just west of 
the Northern 


August, 1958, Sky AND TE 
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Only Criterion could produce such magnificent instruments at such reasonable cost. Combining the 
latest advances in optical engineering with the old-world skill and patience of master craftsmen, 
these superb new Dynascopes, custom made, offer top-quality performance. Every feature neces- 
sary for superior viewing is precision finished to professional standards. Optical surfaces accurate 
to 1/10 wave. 

The five matched eyepieces are the finest orthoscopic and achromatic. Mechanical features are 
carefully custom built to assure trouble-free operation. Construction throughout is of lifetime mate- 
rials. There are both maximum rigidity and easy portability. 

Above all, Criterion’s strict quality control allows no room for chance. Each Dynascope is doubly 
tested and inspected; these rigid tests must be flawlessly met before shipment. Your satisfaction 
UNCONDITIONALLY guaranteed. Yet the price is amazingly low. 





6” Standard Model (80 Ibs. shipping weight f.o.b. Hartford) $265 

Also Illustrated: Electric Clock Drive, $80; Setting Circles, $60; Permanent Pedestal, $70. 

Write today for full specifications and details of these superior reflecting telescopes. 
Easy-payment terms available on request. 








Illustrated above is the 6” De Luxe Dynascope. 


Criterion’s Famous Dynascopes® 
8” — 10” — 12” — 16” starting as low as $265 


Custom built to meet a professional's exacting specifications 
ot Priced within easy reach of the serious amateur 











CRITERION MANUFACTURING COMPANY 


Manufacturers of Quality Optical Instruments 


DEPT. D-19, 331 Church St., Hartford 1, Connecticut 
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Superior Features Include 


f/9 Parabolic Mirror, accurate to 1/10 wave 
Fully Rotating Tube, for comfortable viewing 
Massive Equatorial Mount, adjustable for your 
latitude 

5 Matched 11%” Eyepieces —3 Achromatic 
Ramsdens (45X, 76X, 152X) — 2 Orthoscopics 
(228X, 343X) 

: x 50 Achromatic Finder Scope with cross- 
airs 

Secondary Support that minimizes diffraction 
Declination Axle, 1/2‘’ diameter, with slow 
motion 

Polar Axle with Needle Bearings on 1¥2” 
shaft 

Rack-and-pinion Focusing 

Double-draw Focusing Tube for any eyepiece 
Precision-fashioned 54’ Bakelite Tube 
Lightweight Portable Tripod (hidden inside 
pier of de luxe model illustrated) for field 
trips 

Exclusive Two-way Pier-tripod — a massive 
45-pound pier for permanent installation 
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PRECISION ENGINEERING AND DESIGN 
by two famous astronomical manufacturers 


The technical skill of Astro-Dome, Inc., 
and Tinsley Laboratories guarantees the 
highest standards of precision in observa- 
tory domes and telescopes. 


ASTRO-DOME, for instance, has installed 
the multigraph pictured here for the ac- 
curate fabrication of any item made of 
steel plate. The pantograph-type machine 
cuts each piece exactly the same, insuring 
hundreds of similar parts with no varia- 
tion. This machine can handle plate up to 
seven feet square and eight inches thick. 
In the photograph, a skilled Astro-Dome 
worker is cutting part of an arch girder for 
an observatory dome. The master template 
at the top provides complete control of the 
cutting arc. If you are in need of specialized 
fabricating or a machined item requiring 
quantity and uniformity, please write for 
additional information and quotations. 





TINSLEY LABORATORIES has engineered 
Above: An Astro-Dome technician fabricating steel elements ihe 20inck: fork-mounied Newtaniarm@an 
of great precision. segrainian reflector pictured here for the 
Below: A typical Tinsley telescope built to meet professional Students’ Observatory at the University of 
observing requirements. California. Note the clean functional de- 
sign of the mounting, planned for efficient 
observing, The optics are of Tinsley pre- 
cision, all surfaces polished to 1/10-wave 
accuracy. Small and large telescopes of 
any design are available to your exacting 
specifications — you are invited to request 
information of any kind that would be 
useful to you. 


Astro-Dome and Tinsley Laboratories 
now make possible a complete observa- 
tory, from telescope to housing, at a cost 
that will be pleasantly reasonable. Write 
either company for details, which will be 
furnished without obligation 


ASTRO-DOME 


INCORPORATED 


1801 Brownlee Ave. N.E., Canton 5, Ohio 


* 


Tinsley 


2530 Grove St., Berkeley 4, Calif. 














If you are currently sweltering in the oppressive heat of 
summer, perhaps you will be able to obtain a few mo- 
ments of relief by letting your imagination wander to 
thoughts of winter observing. You will need a good warm 
coat to brave the cold since you are going to attend a 
winter meeting of “THE STAR GAZERS” of Jones Beach 
in Long Island, New York. 

This enthusiastic group came into existence last season 
as a new activity of the Long Island State Park Commis- 
sion in association with Abraham and Straus, the well- 
known Brooklyn, N. Y., department store. It meets two 
Sunday evenings a month with special meetings planned 
when there is some noteworthy astronomical event on the 
calendar. 

The meetings themselves are ably directed and guided by 
Mr. Percy Proctor of Babylon High School, who was the 
first to organize adult-education astronomy classes in 
New York State. Each meeting includes a short lecture 
on the celestial objects to be given special attention that 
evening, and a newsletter is distributed for the guidance 
of the observers. With ten UNITRON Refractors to aid 
them, Mr. Proctor and his assistants are able to provide 
real close-up views of the moon, planets, and star groups 
to many who have never before enjoyed the thrill of look- 
ing through an astronomical telescope. 

Unlike the case of many astronomical gatherings, an 
evening with “THE STAR GAZERS” is a family affair 
in which parents and youngsters participate with equal 
enthusiasm. Here is a fine example of how various groups 
in the community can co-operate to enrich its cultural life. 


Above: Using his flashlight as 
a pointer, Mr. Percy Proctor 
of Babylon, New York, High 
School indicates the location 
of a planet while a youngster 
views it through a UNITRON 
2.4" Altazimuth Refractor. 


Left: Some of the thousand 
visitors of all ages who braved 
the winter’s cold at “The Stara’ 
Gazers” first meeting at Jones 4% 
Beach, Long Island, New York. 
Ten UNITRON Refractors are © 
in use at these observing eve- 4 
nings offered by the Long Is-h 
land State Park Commissions 
in association with Abraham 
and Straus. 


(See pages 526 and 527.) 


INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 
204-206 MILK STREET BOSTON 9, MASSACHUSETTS 








